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/y URBULENCE — the most important factor in obtaining com. 

I plete and rapid combustion in a pulverized fuel fired 
furnace — is most effectively achieved by the impingement of 
flame streams upon one another. 

Tangential (or corner) firing, to a much greater extent than 
any other method, produces this ideal condition in a furnace 
Intensive mixing occurs which facilitates the combination of 
combustible and oxygen and promotes rapid and complete com- 
bustion. At the same time a rotative or cyclonic motion is 
imparted to the flame body which: 
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These effects assure ample time for flame propagation with 
efficient combustion and low carbon loss, complete utilization 
of furnace volume and effective transfer of heat to the water 
walls by convection as well as by radiation. Collectively they 
account for the higher heat transfer rates and lower furnace 
exit gas temperatures which characterize the tangentially 
fired furnace. 

When to these basic advantages of tangential firing is added 
the ability to direct and control the position of the flame body 
within the furnace, other equally important results are achieved. 
By means of vertically adjustable nozzles, operated by remote 
control, the operator can raise or lower his flame zone roughly 
as indicated by the illustration at the left. Thus adjustable burners 
provide, in effect, an “adjustable furnace” in that the furnace 
volume and furnace absorption surfaces can be adjusted to the 
requirements of any grade of coal delivered to the plant. Actual 
operating experience has demonstrated that this feature is 
responsible for several very desirable effects among which the 
following are the more important: 
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Thus the combination of tangential firing and vertically adjust- 
able burners not only provides all of the requisites for efficient 
combustion and heat absorption but also aids materially 10 
meeting the difficult problem of controlling steam temperature. 
i A876 
PERLE COMBUSTION fy ENGINEERING | ___ 
= ‘y. 200 MADISON AVE. NEW YORK 16, N.Y. 
C-E Steam Generating Unit equi for tangential firing with C-E ~ 
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One of 3-2” 
Copes Type RG-2 
Feed Water Regulators 
installed on oil and gas 
fired units of 43,000 Ibs. 
per hour capacity. A 
differential pressure 
control is combined 
with the feed con. 
trol valve. 


\\ SMALL 
*Y BOILERS 





On small boilers at moderate 
ratings and pressures, the 
COPES Type OT quickly pays 
for itself with correct, continu- 
ous feed that means more 
steam per pound of fuel. Makes 
operation safer by stabilizing 
water level. Fully-automatic, 
it saves time for operators. 
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“PERFORMANCE CAN’T BE BEAT- 
THEY NEVER LET YOU DOWN” 





' 
That S THE EXPRESSED OPINION of a Chief Engineer concerning his 
Copes Feed Water Regulators. It typifies the experience of Copes users 


everywhere, who have grown accustomed to effective, dependable feed 
water control. 


Reasons why Copes Regulators perform exceptionally well, are:. 


(1) 
(2) 


(3) 


(4) 
(5) 


(6) 


Fully Automatic continuous feed in accordance with demand. 
Utilization of the simplest principle without mechanical complica- 
tions. Few parts—all sturdy. 

Positive response to level changes 5 to 8 times faster than other 
devices. No perceptible lag. 

Overwhelming ratio of power to friction. 

Most closely balanced valve plungers made—no “chatter” or 
“jumping”. 

Port areas individually designed for the installation. No over — 
or under-sizing. 


These features, plus others, assure the Copes user of a big return on a 
small investment. Full details in Catalog 12-44, sent promptly upon request. 


NORTHERN EQUIPMENT CO « 656 Grove Drive, Erie, Pa. 


FEED WATER REGULATORS * PUMP GOVERNORS « DIFFERENTIAL VALVES 
LIQUID LEVEL CONTROLS * REDUCING VALVES AND DESUPERHEATERS 


BRANCH PLANTS IN CANADA AND ENGLAND 


For SAFETY and ECONOMY Sfectfy 


REPRESENTATIVES EVERYWHERE 
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EDITORIAL 





Post-War Materials 


It will be recalled that following World War I, con- 
siderable difficulty was experienced in procuring materials 
that consistently fulfilled expectations as to specifica- 
tions, and certain failures, such as in turbine disks, re- 
sulted 

At the recent meeting of the National Board of Boiler 
and Pressure Vessel Inspectors, H. B. Oatley, Chairman 
of the A.S.M.E. Boiler Code Committee, sounded a note 
of warning lest the reconversion period experience a 
recurrence of such conditions. In fact, the possibilities 
are even greater this time because of the extensive use 
of various alloys in war production. Vast quantities 
of scrap from war matériel will likely find their way back 
to the steel niills and it will be impossible adequately to 
identify, sort and label all such scrap, despite attempts 
at control. The inclusion of even small excesses of 
certain elements have a considerable influence on the 
physical characteristics of the finished product. 

Also, the war has brought about marked advances in 
metallurgy, the full extent of which will not be generally 
revealed until the exigencies of the present conflict are 
past. Many of these alloys have been developed and 
adapted to meet specific purposes, but their general 
application to other uses must await trial and close 
observation under varying conditions peculiar to such 
uses. Hence, no immediate change in practice as con- 
cerns power plant materials can be anticipated, other 
than a possible continued use of certain substitutes oc- 
casioned by war expediency which may have proved 
their worth. These, however, do not concern stressed 
parts. 

Thus the warning voiced by Mr. Oatley is most timely 
and should serve to stimulate extra precautions in the 
post-war period. 


Coal Stockpiling 


Both the Solid Fuels Administration and Chairman 
Krug of WPB have urged users to stock up on coal dur- 
ing the summer months as an insurance against a critical 
fuel shortage next fall and winter, and thus ameliorate 
the effects of the present deficit in coal production which 
is estimated to reach some 25 million tons for the current 
year. This deficit has been due both to manpower 
shortage at the mines and to interruptions in production 
during the past spring when it also became necessary to 
deplete stocks held by users. , 

The character of the coal industry, unlike many other 
industries, is such that storage at the mines is imprac- 
ticable; and users, by ordering now for stockpiles, will 
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aid in keeping the mines running at full output during 
the summer. Morever, deliveries made during this 
season by rail and water are not affected by adverse 
weather conditions. 

This request appears logical but, unfortunately, some 
coals cannot be stored without deterioration and danger 
of spontaneous combustion. This applies particularly 
to some of the coals that now happen to be most pro- 
curable. Moreover, all users do not have facilities for 
large storage. 

However, where at all feasible, users would do well to 
heed the advice of Mr. Krug and the Solid Fuels Ad- 
ministration. The money tied up will be well-warranted 
insurance against grief later in the year such as was ex- 
perienced in many sections of the country last winter. 


New Installations Get Govern- 
ment Approval 


In line with the recently announced purpose of WPB 
to relinquish production restrictions as speedily as pos- 
sible, consistent with present war requirements, comes 
an announcement from Washington that the Office of 
War Utilities has just given the green light on nearly half 
a million kilowatts of steam turbine-generator capacity 
for installation during the next two years. In practically 
all cases steam-generating units are also involved. The 
approved installations cover units of a wide range in ca- 
pacity for both private utilities and municipal plants, and 
largely concern extensions to existing stations rather than 
new stations. Some previous releases had been given 
during the past few months, orders for which have al- 
ready been placed, and further releases are expected 
shortly. Hence, an active period in the power plant 
field may be anticipated. 

During the construction holiday of the last three or 
four years, few major changes have taken place in sta- 
tionary power plant practice; but there have been many 
refinements in design, dictated by operating experience 
and advances in manufacturing technique. This is 
particularly true of steam-generating units. As these 
plants are extended, the new units will obviously incor- 
porate these refinements and in some cases changes to 
meet changed fuel conditions. Therefore, there will be 
few, if any, actual duplicates of existing large units in- 
stalled in the immediate pre-war period, regardless of 
how excellent their performance may have been. 

As for the turbine-generators, these are expected to 
conform in most cases to the recently approved pre- 
ferred A.S.M.E.—A.I.E.E. Standards as to capacities 
as well as steam and extraction conditions. 
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Tilting Burners Provide Flexible 


Furnace Performance 


Control of exit furnace gas temperatures 
is most important as a means of prevent- 
ing excessive slag deposits at the entrance 
to the convection heating surface and to 
assist in controlling superheat tempera- 
ture over a wide range in load. How this 
is effected by tilting tangential burners 
upward or downward through a total arc 
of approximately 60 deg is described, and 
typical performance curves derived from 
tests are included. 


pulverized-coal-fired steam generating unit today 

are proportioning the furnace and superheater and 
providing the desired superheat control. During the 
last ten years the use of high steam temperature and 
pressure has become firmly established in the larger 
utility and industrial power plants. There is little 
question that still higher steam temperatures can be ex- 
pected in the future as better materials become available. 
At the same time constant steam temperature will be 


: | HE most difficult problems facing the designer of a 




















By ELNO M. POWELL 


Combustion Engineering Company, Inc. 


desired over a wide range of loads to aid in the turbine 
design and maintain a high station efficiency. 

These problems are aggravated by the quality of the 
coals now available for steam generation which has 
rapidly become worse during the war, particularly on 
the Eastern Seaboard. The fusion temperature of the 
ash of the average coal today is lower and the quantity 
of ash has increased with the increased application of 
mechanization in mining operations. The coal industry 
has warned that this trend will continue and, in addi- 
tion, premium low-volatile coals eventually may be with- 
held from power stations and used exclusively for metal- 
lurgical purposes. 

With the conventional types of burners and pulverized- 
coal furnaces where the heat is released in one fixed zone, 
the temperature of the gases leaving the furnace will 
vary with the rate of firing. Until recently there has 
been no practicable means for changing this gas tem- 





























Fig. 1—Three views of typical tangentially-fired furnace showing burner positions: tilted, 30 deg downward, hori- 
zontal, and 30 deg upward respectively 


36 


June 1945—C OMBUSTION 





COM) 































Fig. 3—Front view of tilting 
burner,showing operating mecha- 
nism 
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Fig. 4—Side perspective of tilting burner 
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perature characteristic, once established by the furnace 
design, without changing the distribution of fuel de- 
livered to the several burners or by varying the number 
of burners in operation. Such procedures require in- 
creased firing capacity or a duplication of equipment 
and are a burden to the operating personnel, particularly 
if frequent changes are required. 

Specifically, the two main problems confronting the 
designer of a steam generating unit are to provide suffi- 
cient volume and heat-absorbing surface in the furnace 
to reduce the temperature of the gases entering the con- 
vection heating surfaces of the unit to such a point that 
the slag and ash deposits may be easily controlled and 
at the same time to provide sufficient gas temperature 
entering the superheater to obtain the desired steam tem- 
perature at some reduced load known as the control 
point. 

For example, when heating steam to the present high 
temperature of 950 F at a pressure of 1400 psi, there is a 
definite quantity of heat absorption required per pound 
of steam of approximately 290 Btu. With a superheater 
which absorbs heat by convection this heat must come 
from the gases passing over the superheater of which 
there is a definite weight per pound of steam of approxi- 
mately 1.2. Each pound of gas must then give up 240 
Btu which corresponds to a drop in gas temperature of 
860 F. 


Limits for Furnace Exit Gas Temperature 


A convection superheater with the highest efficiency 
is one designed so that the products of combustion flow 
counter to the flow of steam thereby permitting the gases 
to be cooled to a temperature below that of the steam 
leaving the unit. For a practicable or economical design 
of such a unit operating at around 1400 psi it is prefer- 
able to limit the exit gas temperature leaving the super- 
heater to not less than 800 F at the control point. This 
establishes 1660 F as the minimum gas temperature en- 
tering the superheater. Add to this the gas temperature 
drop across the screen tubes in front of the superheater 
and the required gas temperature leaving the furnace 
becomes 1900 F, even at the lowest load for which 950 F 
steam has been specified. This approaches very closely 
the fusion temperature of many available coals and will 
exceed it as the boiler output is increased. Higher steam 
temperatures will, of course, require still higher gas tem- 
peratures. 

The problem of furnace and superheater design then 
resolves into a compromise between high gas tempera- 
tures at maximum capacity with the danger of excessive 
slag accumulation or low steam temperature at reduced 
load which would limit the range of loads over which a 
constant superheat could be maintained. When the 
gas temperature characteristic of a furnace cannot be 
conveniently varied, the designer is limited in his ability 
to meet the demands of the users. Therefore, a means 
for varying the desired efficiency of heat absorption in the 
furnace so as to increase the temperature of the gases to 
the superheater at lower loads and limit it at higher 
loads is most desirable. 

A number of schemes have been used in the past for 
accomplishing this, such as the use of auxiliary burners, 
a combination of large and small superheaters, a com- 
bination of radiant and convection superheaters, double 
furnaces, or by changing the proportion of fuel supplied 
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to individual burners. All of these have attendant dig, 2200 
advantages of higher cost, greater space requirements, 
or complication of operation and control. One fantasiig 
solution to the problem would be to screen the wate}e 2!0° 


wall surfaces with venetian blinds so that all of the surfg 


' 
w 
could be exposed to radiant heat at high loads and less§i% 
amounts as the load decreased. However, a receng A 2000/- 
development in the design and arrangement of the bunf* 
ers for tangential firing has permitted the same variatiog 2 
of effective heating surface merely by pressing a buttogyz '9°°; 
or turning a knob on the operating board which raisg 3 
or lowers the direction of the coal and air streams enter r 
ing the furnace. ; 1800 — 
A detailed discussion of the principles of tangentia} . 
firing will not be given here because it has been used s}j 2 by 
extensively by the utility and large industrial companie . esac 


for many years. Fundamentally, however, the coal anj 

air are divided into several relatively small streams whic ig. S—Per 
are directed from the four corners of the furnace tangenesired ga: 
to a small circle in the center. No attempt is made tf 
mix the coal and air in the burners except to provic 
sufficient primary air with the coal stream to obtaig, 
ignition. The cyclonic or rotative motion within th! the 
furnace resulting from the impingement of streamppcated m 
upon one another produces the turbulence and mixing arried th 
of fuels and air necessary for rapid and complete composether 
bustion of the fuel. Because of the long flame travefp™me Mo 
in the horizontal plane, combustion is completed withigtY!inder. 
a comparatively short vertical distance. This releaseff!@t'¢ cyl 
nearly all of the heat from the fuel in the zone of the burn rated me 
ers so that it is available for radiant absorption by th he steam 
maximum amount of water-wall surface present. Changi 


When the coal and air streams are directed downward make 
toward the furnace hopper the rate of heat absorption by tate ' » 
the heating surface located in the lower furnace will b¢ ome : 
increased. Furthermore, combustion will be complete wn pai 
at a point lower down in the furnace, thereby improving Aen rs 
the efficiency of the upper water-wall surface which, in * phos 
turn, will result in a lower temperature of the gases leav- ier: T. 
ing the furnace. Exactly the opposite effect will result, ‘butabl 
from directing the coal and air upward, thus using the eager 
lower part of the furnace less effectively and forcing thet An i ' 
flame closer to the top of the furnace which results in less Laat . ca 
time for heat absorption and a higher gas temperature “ et 
leaving the furnace. ey 

The three illustrations in Fig. 1 show the shape of thef,. pa, 
flame and active combustion zones for three burmefo  coti 
positions: tilted 30 deg downward, horizontal, and 3)ht om te 
deg upward, respectively. The dash-lined furnace hop fic. neq 
per for the horizontal and upward burner positions art 
















Fig. 5 
intended to show figuratively the boundary of the effec}, to : 
tive part of the furnace. Conceived in this manner the petheate 


furnace becomes adjustable, meaning that the effective proxim 
heating surface may be adjusted to meet the load and thf crs 
gas temperature requirement. In order to realize the higher 1 
maximum “temperature variation with tilting burners, damper. 
they should be located sufficiently high above the hoppefy..+ ¢-., 
so that a full tilt downward may be used without exceSfooying 
sive impingement on the sloping sides of the hoppeftionay c+ 
Sufficient height abeve the burners should also be Plots the 
vided so that there will be no direct flame impingement! perature 
on the screen tubes in front of the superheater. an angle 


The details of the burner design are shown in Figs. 2Jindicate 
3 and 4 which represent plan, front and side perspectiVfrating 
respectively. Adjustable tips are pivoted to the ends Widest | 
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Wig. 5—Performance curves for furnace designed to provide 
lidesired gas temperature at 65 per cent load with burners 
ti tilted downward 







' f the coal nozzles and adjustable guide vanes are 
cated in the air ports. Individual operating rods are 
earried through the burner front where they are linked 
nfogether and operated simultaneously as a unit. The 
@ptime mover may be a handwheel, motor or pneumatic 
‘pylinder. Fig. 3 illustrates the application of the pneu- 
~gmatic cylinder. The motor or the cylinder may be op- 
»Arated manually by remote control or automatically by 
ihe steam-temperature control. 

Changing the direction of both the coal and air streams 

sures positive control over the direction and position- 
pag of the flame and maintains the same principle of com- 
pustion which characterizes tangential firing. Recent 
gests have shown that tilting the burners has little effect 
gen the unburned combustible in the fly ash. 
The first burners of this design were placed in opera- 
fion about three years ago with others following shortly 
' ter. To date there has been no boiler shutdowns at- 
ibutable to failure of burner parts, nor has there been 
Pty evidence of increased burner maintenance. 
| The full significance of an adjustable furnace may be 
“pest appreciated by a discussion of specific furnaces the 
periormance of which is given in Figs. 5 and 6. Curve 
. \-A in both cases represents the temperature of the 
'Peses having the furnace as required by a counter flow, 
onvection superheater in order to maintain a constant 
steam temperature of 935 F. The same superheater is 
ssumed for both cases. 
| Fig. 5 illustrates the performance of a furnace selected 
p as to provide the gas temperature required by the su- 
perheater for the specified steam temperature at ap- 
proximately 65 per cent of maximum load with the 
burners tilted downward. The steam temperature at 
higher loads must then be controlled with a bypass 
damper or desuperheater. The range of constant super- 
heat from 65 per cent to maximum load corresponds ap- 
P?Toximately to that normally obtained with a conven- 
Ponal steam generating unit. Curves B-B and C-C indi- 
Jiate the approximate limits between which the gas tem- 
perature may be varied by tilting the burners through 
an angle of 50 deg. The solid portion of the three curves 
indicates the normal variation of gas temperature with 
rating when the burners are adjusted to provide the 
widest possible range of load with a constant steam tem- 
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perature. It will be noted that the solid line falls below 
Curve A-A at ratings below 43 per cent indicating in- 
sufficient gas temperature for constant superheat. The 
control point with tilting burners then becomes 43 in- 
stead of 65 per cent with the conventional unit men- 
tioned above. If a furnace were to be selected for the 
same range of control without tilting burners the gas 
temperature characteristic would be similar to Curve 
B-B. The gas temperature at full load would be about 
2150 F which exceeds the fusion temperature of many of 
the coals fired today. Obviously, the operating cost re- 
quired for removing slag deposits would be higher. 

Fig. 6 shows the performance characteristics of a larger 
furnace followed by the same superheater that was used 
in the previous example. In this case the heating sur- 
face in the furnace was increased so that the exit gas 
temperature at maximum load would coincide with 
Curve A-A. Tilting the burners upward as the load is 
reduced will provide sufficient gas temperature for the 
specified steam temperature down to approximately 65 
per cent of capacity which is essentially the same degree 
of steam temperature control as can be obtained with the 
conventional unit. A bypass damper is unnecessary with 
such a selection of equipment with normal cleanliness of 
the water walls, excepting as a precautionary measure 
to allow for increased dirtiness resulting from the use of 
other coals than that contemplated or for other unfore- 
seen contingencies. Excepting the control point, the gas 
temperature leaving the furnace is considerably lower 
a‘ all loads than indicated by the solid line in Fig. 5 and 
the maximum does not exceed 1900 F. Such a furnace 
would be suited to any coal. The increased furnace 
surface required is considerable, however, and the higher 
cost could only be justified in those instances when sus- 
tained high loads and poor coals are anticipated. 

All of the above discussion applies to dry-bottom fur- 
naces. The performance characteristic of wet-bottom 
furnaces will be somewhat different since sufficient heat 
must be present at the floor at all times in order to main- 
tain the slag in a molten state for continuous removal. 
By arranging the burners in two groups, one of which is 
located higher up in the furnace, most of the features of 
the adjustable furnace may be retained without destroy- 
ing the ability to melt the slag. At the same time local 
concentration of heat usually found in wet-bottom 
furnaces will be greatly reduced. 
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Fig. 6—Performance curves for 1 r furnace and same 
superheater as in Fig. 5 
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Factors Affecting the Economic 
Selection of Steam-Generating 
Equipment 


By FRANK S. CLARK 


Consulting Engineer, Stone & Webster Engineering Corporation 


years ago when, at the beginning of a year the repre- 

sentatives of a certain boiler and of a superheater 
manufacturer would come to the office and close con- 
tracts for the estimated boiler and superheater require- 
ments for the year. Boilers at that time were usually for 
200 psi, twenty-one sections wide 


| HE writer remembers the time well over twenty-five 





Influence of Fuels on Design 











The character and types of fuels available and the ¢ 
sirability of being able to burn fuels of widely varyir 
characteristics have a marked effect on the type of equi 
ment selected as well as on its design. This is becomin 

increasingly important in view 





and fourteen tubes high; but 
water-tube boilers then were in 
the minority. The total steam 





This is a general discussion 


the present fuel situation. Coal 
vary widely with locality, and 
many cases gas and oil are avail 
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temperature was around 525 F. of various factors that must be able either as main or auxiliarf}’ which 
Selection of steam-generating taken into account when fuels. The practically univers4#] The 
equipment was as simple as that. selecting a steam-generating use of pulverized coal for firing range 
Conditions have changed radi- unit to meet given conditions, large units means that whatevd) being 
cally since those days ard so as viewed from the standpoint fuel is used it is burned in suspen}, to be « 
many factors enter into the selec- of the consulting engineer. sion and the furnace is designef) and ey 
tion of modern steam-generating No attempt has been made to with this in view. Coals varf js att 
equipment that their proper go into details, but rather to greatly in their ash content anf More: 
evaluation is one of the mest susie tho coanamie counties, in the fusing temperature of th the di 
important features of present- Sidi ash. Consequently, the heat inf likely 
day power plant engineering. ; put to the furnace and th Th 
These factors may be divided absorption by its walls must 90 ft 
into two classes, namely, those proportioned so that not onl} absor 
imposed by the uses to which the steam is to be put must combustion be completed before the gases leave of gri 
and the fuel available, and those applying to the type the furnace but that their temperature be sufficiently} ture | 
of equipment best suited to meet the particular condi- below the fusing point of the ash to preclude the clogging} porte 
tions imposed. of the exit passages from the furnace into the convecf Ana 
a tion heat-absorbing surface. This latter condition has} js to 
T'wo Pressure Groups an effect on the amount of superheater surface that} prop 
In the former class are the operating pressure and must be employed and its position in the unit. an id 
temperature. In the steam-electric generating station, Furnace temperature varies with the rate of heat input 
these have increased as the materials available permitted, and absorption, and, along with fusion temperature 0 
and for the present are divided into the 800-900 psi, the ash, usually determines whether a wet or a dry bot- T 
850-900 F and the 1200-1400 psi, 900-950 F groups. The tom is to be employed. The former type will generally} crea: 
lower range group has been adopted, with some excep- collect up to approximately 50 per cent of the ash of the} part 
tions, where the turbines are straight condensing, using coal on the bottom in molten form where it can be tapped the 
the regenerative cycle, and where no special or unusual out and thus decrease materially the amount to be col-F esse: 
conditions are to be met. The latter has been used princi- lected by cinder and fly-ash eliminating equipment or the} goly 
pally in connection with superposed on ‘topping’ tur- quantity discharged to the atmosphere. Its disadvantage} ping 
bines, but in some cases is employed with straight con- is that, especially when the ash-fusion temperature Sf dow 
densing units when high load factors or high fuel costs high, the rate of evaporation and therefore the furnace} of ; 
have made its adoption economical. temperature must be such as to keep the ash in a molten} jing 
Character and treatment of feedwater play an impor- state. The dry-bottom type of furnace, on the other I 
tant part in the selection of operating pressure and tem- hand, permits of lower rates of heat release and in general fio, 
perature, and in the design of the generating equipment, easier overall operating conditions, but would probably] th. 
even when the percentage of makeup is as low as one per__ result in a larger furnace for the same conditions. A] Me 
cent. Difficulties in treatment increase as pressures are proper determination can only be made after all the] wi 
raised and may be one of the reasons for the present-day facts are known and analyzed for each case, particularly 
preference for the 800—900-psi pressure range. as to load conditions and coal characteristics. vid 
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Steam Temperature Control 


The water rate of steam turbines increases with de- 
crease in total steam temperature. It is of advantage, 
therefore, to maintain constant temperature throughout 
a portion of the range of output of a steam generator be- 
low that at which it is rated. The degree to which it is 
economical to carry this depends upon the effect of re- 
duced temperature on the efficiency of the turbine as 
compared with the additional cost of extra superheater 
surface that must be installed. 

The heat-absorbing surfaces of steam-generating equip- 
ment consist of the water-cooled walls exposed to the ra- 
diant heat of the furnace, a varying amount of convec- 
tion surface over which the gases pass, the superheater, 
in some instances an economizer, and the air heater. 
Their arrangement and heat-absorption rates vary with 
the conditions imposed and the ends to be achieved. 
There are many installations designed for operation at 
from 800 to 900 psi in which economizers are omitted and 
some at 1200 psi and higher. Economizer surface is less 


i expensive than boiler surface and by their use it is possible 


to reduce the gas temperature to the air heater to less 
than the saturated steam temperature. Economizer sur- 
face, however, under some conditions is susceptible to 
sludge and scale deposits and may be difficult if not im- 
possible to clean except by employing acid treatment 
which necessitates taking the unit out of service. 

The efficiencies of modern steam-generating units 
range usually from 85 to 90 per cent, the latter figure 
being the upper economic limit. Affecting the efficiency 
to be desired are investment cost, cost of fuel, load factor, 
and exit gas temperature. Each point added to efficiency 
is attained at increasingly greater investment cost. 
Moreover, if the exit gas temperatures approach too near 
the dew-point, corrosion of the air heater elements will 
likely occur. 

The upper drum of a modern steam generator may be 
90 ft or more above the bottom floor. With the heat- 
absorbing surfaces arranged in this manner a minimum 
of ground surface is occupied but the supporting struc- 
ture becomes extremely high and loads that must be sup- 
ported on the foundations sometimes become excessive. 
An alternative to this, where ground space is available, 
is to reduce the height to a point sufficient to maintain 
proper circulation and spread the surface out by using 
an idle pass or some other arrangement. 


Feedwater Treatment for High Pressures 


The treatment of the makeup water becomes of in- 
creasing importance as pressures increase above 400 psi, 
particularly when the makeup is a large percentage of 
the steam generated, as in plants using steam for proc- 
esses. Even in condensing stations sufficient solids, both 
soluble and insoluble, may be carried over into the tur- 
bine to cause loss in capacity and require frequent shut- 
down for cleaning, unless care is taken in the treatment 
of the water and in the design of the boiler internals to 
insure the delivery of clean steam. 

In the case of a high percentage of makeup, furnace de- 
sign should be such as to insure low rates of heat input to 
the furnace and of absorption by the furnace wall. 
Moisture-separating devices should be of a design that 
will not clog with sludge formations. 

A novel design of steam generator, as yet untried, di- 
vides the steam generation into two parts; the first con- 
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sisting entirely of radiant surface and the second being 
entirely convection. The latter is fed with water from 
the drum of the first or radiant section. Blowdown is en- 
tirely from the second section, which permits of lower 
concentrations being carried in the radiant portion where 
sludge formations are most likely to cause trouble. 

There is installed in the Somerset Station of the Mon- 
taup Electric Company, a high-pressure forced-circula- 
tion steam generator, the first of its type in this coun- 
try. Certain very definite factors influenced its selec- 
tion. It was to be installed in an existing building in the 
space intended for a 375-psi boiler of the conventional 
type of twenty years ago. Its operating pressure (1850 
psi) so reduced the head available for circulation that if 
the usual high-head type of unit had been adopted, it 
would have been necessary to remodel and reconstruct 
the building from its foundations. Other features, such 
as the ratio of water circulated to steam generated, con- 
trol and proportioning of circulation in all parts of the 
unit, etc., outweighed any doubts introduced by reason 
of its novelty. The principle had been embodied in sev- 
eral hundred similar type units abroad. Difficulties were 
expected at the start of its operation and some were en- 
countered. These were minor, however, when viewed in 
retrospect, and involved no radical changes in design. 

This article is not intended to be a technical discussion 
of the elements of steam generator design. Its object is 
simply to enumerate some of the factors that must be 
considered when one is considering the installation of 
such equipment. 





{MO pump circulating governor oil and 
lubricating oil for large turbine. 

The IMO PUMP requires less space than most other pumps 

because of the high capacity attainable by its efficient, com- 

pact design and high speed operation. If desired, it con be 

directly connected to, und mounted upon, turbines, motors, 

i engines, or other equipment. In special designs, dimensions 


* and proportions can be varied to meet space limitations. —__,,. 


For further information write for |-128-V 


€ 


PUMP DIVISION OF THE 


my’ DE LAVAL STEAM TURBINE CO. 


TRENTON 2, NEW JERSEY 
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WHAT ABOUT COPPER IN BOILERS? 


In view of the common occurrence of 
copper deposits in high-pressure boilers 
and the diverse opinions as to its possible 
detrimental effects, the author reviews the 
chemistry involved, the various theories 
that have been advanced and the rather 
meager literature bearing on the subject. 
It is concluded that no valid evidence has 
yet been produced to show that metallic 
copper, or copper oxide deposits, will cause 
corrosion. Hope is expressed that the 
problem may form the subject of planned 
research involving both the laboratory and 
the field. 


the deposition of solids on the steam generating 
surfaces of high-pressure boilers is as controversial 
today as the cause and the effect of metallic copper and 
copper oxides found so frequently in drums, headers and 
tubes. In answer to the questions of operators who are 
becoming concerned over such deposits, particularly 
when found in appreciable amounts at the site of tube 
failures, there is considerable conjecture, and little factual 
information. Much of this concern over copper appears 
to have been engendered by ill-advised, illogical theories. 
There appears to be no case on record, or in the author’s 
experience, of a tube failure definitely attributable to 
deposits of copper or its oxides. Consequently, to claim 
at the present time that such deposits present a problem 
to the operator, from the standpoint of tube failures, has 
no basis in fact. 
It is the purpose of the present article, by a brief re- 
view of what little is known about the subject, and a few 
fundamental facts, to stimulate further discussion. 


Die depos no other aspect of the broad subject of 


General 


The occurrence of large amounts of metallic copper and 
copper-oxides in the tubes, headers and drums of high- 
pressure boilers recently has been receiving more than 
casual attention. During the past few years, open dis- 
cussion of the possible causes and the effects of copper 
has been heard, particularly at panel meetings of the 
AS.M.E. Although the consensus of the majority 
appears to be that deposits of copper on generating sur- 
faces are harmless, to date neither a valid mechanism for 
the formation of metallic copper nor positive evidence 
that such deposits cannot cause corrosion under operating 
conditions, has been offered. A number of theories, 
based upon speculation, and on rather dubious chemistry, 
have been proposed from time to time, but even casual 
consideration of these ideas leads to the conclusion that 
the whole subject is decidedly controversial and that the 
final answer lies in a laboratory investigation of the 
fundamental reactions of copper and certain of its com- 


pounds under the operating conditions of high-pressure 
boilers. . 
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Research and Development Dept., 


Combustion Engineering Company 


A review of the technical literature during the past 10 
years disclosed only two articles (1, 2) in which copper 
was discussed in relation to corrosion in boilers. How- 
ever, neither of these articles contained information 
based upon experimental facts. Thus, until there is 
available indisputable evidence of whether or not copper 
is potentially a corrosion hazard, the subject will remain 
debatable and little will have been done to allay the 
apprehensions of operators of high-pressure equipment. 
The fact that to date there has been no planned program 
of research on this subject undoubtedly is the result of 
wartime exigencies and not of apathy on the part of those 
directly concerned with the problem. 

In the following will be presented some of the facts 
that are known about copper in boilers, the chemistry 
and the mechanism of corrosion of copper and its alloys, 
and a possible correlation of this information with the 
sequence of events during the passage of condensate 
from the hotwell back to the boiler. 


Some Facts 


1. Copper can only result from loss of metal from the 
tubes comprising surface condensers, closed feedwater 
heaters and evaporators during the passage of the water 
through them. Bronze pump impellers may contribute 
an insignificant amount of copper. The most common 
tube alloys used in condensers are aluminum-brass, 
aluminum-bronze or admiralty metal. Due to the 
higher temperature, flow and pH conditions in heaters, 
and evaporators, particularly those of high-pressure de- 
sign, arsenical and silver-bearing copper or cupro-nickel 
tubes are generally used. The arsenic and silver are 
added to improve the hardness and the fatigue strength 
of copper. The cupro-nickel alloy (70 to 80 per cent Cu) 
has superior corrosion and erosion resistance to copper. 

2. Ammonia and carbon dioxide (and bicarbonate) 
are known definitely to increase the solubility of copper 
in water; particularly in water of such high purity as 
steam condensate. Ammonia may come from the raw 
water supply or from condenser leakage. The latter is 
generally considered to be the source of most of the 
ammonia, particularly where contaminated tide water is 
used for condensing. The source of carbon dioxide is 
well known to everyone. It should be noted, however, 
that ammonia is far more effective than the same amount 
of carbon dioxide, as a solvent for copper. As much as is 
known of the chemistry of these reactions will be dis- 
cussed later. 

3. Deposits from boilers have been shown by X-ray 
diffraction analyses to contain metallic copper, cuprous 
oxide (cuprite), cupric oxide (tenorite) or mixtures of all 
three. Generally, the copper is associated with the 
usual boiler sludges and scales, comprising 1 to 50 per cent, 
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or more, of the material that is present. Frequently 
bright metallic copper is found plated on the tube sur- 
faces, particularly where steam is being released. 

It is common to remove large quantities of copper from 
a large unit after an inhibited acid-wash to remove scale. 
Apparently the acid loosens copper that is plated or de- 
posited on the tubes and subsequent operations to re- 
move all of the acid from the boiler cause the copper to 
settle in the headers where it is removed as extremely 
thin ribbons of metallic copper. There is some evidence 
that acid-washing, through solvent action of the acid on 
the copper oxides in the boiler, causes metallic copper to 
plate out on the steel surfaces. Theoretically, the condi- 
tions during acid-cleaning are suitable for this to occur, as 
will be discussed later. 

4. There seems to be no preferred location in which 
copper is found; it occurs in drums, headers and circulat- 
ing and generating tubes. Numerous cases have been 
reported of relatively large masses of loose, spongy, red- 
dish-brown material analyzing very high in copper and 
copper oxide, occurring in feedwater headers. Due to 
the high feedwater temperatures coincident to high- 
pressure operation, it is probable that a greater pickup of 
copper from closed heaters and evaporators of such sys- 
tems will occur than in low-pressure installations, other 
things being equal. 

5. Not the least to be considered is the possibility 
that a considerable amount of copper pickup occurs in 
the heaters as a result of erosion or other mechanical 
effects. 

Considering the enormous surface area presented to the 
flowing condensate by the condensers and other heat- 
exchange equipment it follows that any factor which in- 
creases only slightly the solubility of the metal will cause 
a material increase in the amount of copper carried to the 
boiler. 


Mechanism of Corrosion of Copper and Chemistry of 
Certain Related Copper Compounds 


In pure distilled water, free of oxygen, carbon dioxide 
and ammonia, the rate of corrosion of copper is negligible. 
The reaction between copper and water might be shown 
as follows: 


2Cu(metal) + 2H,O —> Cut+ + 20H- + 2H [1] 


As no metal is perfectly homogeneous in the sense that 
every finite point on it is like another, such a surface may 
be considered to consist of innumerable small anodes and 
cathodes (3). At the anodes an almost infinitesimal 
amount of copper will go into solution as copper ions and 
an equivalent amount of hydrogen ions from the water 
will be reduced to atomic hydrogen at the cathodes. 
There are a number of factors which cause this reaction 
to come to equilibrium, as for example: 


(a) The solution pressure of the metal becomes equal 
to the osmotic pressure of the copper ions. 

(b) The surface becomes covered with hydrogen atoms 
which polarize the metal and prevent further 
solution of the metal. 


If, however, some depolarizing agent such as oxygen is 
present to combine with the hydrogen as fast as it is 
formed, the reaction will proceed to the right to an extent 
far beyond that which occurs in its absence. In the 
same manner, any substance which will combine with 
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and remove the copper ions as fast as they are formed} 
also will stimulate corrosion of the metal. 


We can now examine some of the substances which 


may be present in the feedwater cycle and which behaye 
as described above. 


1, AMMONIA 

Ammonia combines directly with copper to form 
soluble, blue-colored, complex ion known as a copper 
ammine. In a general way, the reaction may be written} 
as follows: 


Cu(metal) + 4NH; —> [Cu(NHs)4] +* [2] 

The chemistry of this type of compound is quite in- 
volved and no purpose would be served to dwell on it 
here. 
in this complex is so tightly bound to the ammonia that 


the concentration of free copper ions in such a solution is} 


insignificant. 
A solution containing a small amount of copper am- 
mine in a slight excess of ammonia, will precipitate all of 


its copper as a brownish-black oxide upon heating to} 


around 150 F. 


2. CARBON DIOXIDE AND BICARBONATE ION 


Water containing dissolved carbon dioxide or bicar- | 


bonate ion markedly increases the solubility of copper in 
water. Although the chemistry is not fully understood, 
it is believed that copper forms a complex ion with bi- 
carbonate ion similar to the ammine described above. 

A paper by Tronstad and Veimo (4) gives the following 
data on the solubility of copper in tap water containing 
various additions of free CO, and bicarbonate ion after 
standing 24 hours at 18 C. 


TABLE 1 
NaHCO; Added, Ppm* pH Copper Dissolved, Ppm 
0 6.3 0.6 
0.1 7.0 1.0 
0.2 e.0 1.2 
0.3 7.15 1.8 
0.4 7.2 1.9 
0.8 a 2.2 
1.2 4.5 
TABLE 2 
Free CO2, Ppm* pH Copper Dissolved, Ppm 
7.4 6.3 0.8 
45.0 ae 1.0 
98.5 5.65 3.9 
165.0 4.8 11.2 
235.0 4.35 40.1 





* The composition of water to which the additions were made was as follows 
Total solids, 47.5 ppm; chlorides as Cl, 9.5 ppm; dissolved oxygen, 10.8 ppm 
combined COz, 8.0 ppm; free CO2, 4.0 ppm; pH, 6.3 ppm. 


3. DISSOLVED OXYGEN 


Dissolved oxygen increases the rate of corrosion of cop: 
per, particularly in the presence of acids. Apparently, 


its action is to depolarize the hydrogen in equation (Ip 
and to oxidize cuprous oxide, which may be present unde> 


certain conditions, to cupric oxide (or hydroxide). 


4. Hyproxyt Ion 


The effect of sodium hydroxide on the solubility tl 


copper is shown in the accompanying curve. It is to be 
noted that a minimum in the solubility curve occu! 
around pH = 8.5. 
The following are some of the reactions of copper 10!f 
with hydroxy] ion: 





(a) Hydroxyl ion combines with cuprous ion to form : 
reddish cuprous oxide, Cu,O. With cupric 10%, 


gf 
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PH OF SOLUTION (NaOH ADDED) 


The copper content of tap water of various pH values 
after standing 24 hrin copper pipesat 18C. (Tronstad and 
Veimo). 


a pale blue gelatinous precipitate of Cu(OH)s is 
formed. The latter product is the more com- 
mon as there is usually sufficient oxygen, or 
other oxidizing agents, present to oxidize cu- 
prous ion to cupric ion. 

(b) Cupric hydroxide, Cu(OH)s, will hydrolyze to a 
brownish-black hydrated oxide on heating the 
solution to around 150 F. 

(c) Cuprous oxide, cupric oxide and cupric hydroxide 
all are appreciably soluble in an excess of 
hydroxyl ion (amphoteric) forming what is be- 
lieved to be a complex oxyanion of the form 
(CuO,)". This effect is analogous to the solu- 
bility of aluminum hydroxide in sodium or 
potassium hydroxide to form soluble aluminate 
ion. In the present case, the extent of solubility 
is very much less. Thus is afforded an explana- 
tion for the inczease in the solubility of copper in 
sodium hydroxide above pH = 8.5. 


The most urgent question to be answered regarding the 
effect of copper in boilers is whether or not the presence 
of metallic copper signifies the loss of an equivalent 
amount of boiler metal. It is well known that if iron is 
placed in a slightly acid solution containing free copper 
ions, the copper ions will be reduced to metallic copper 
(reduction implying that electrons have been added to 
the copper ions) and an equivalent amount of the iron 
will be oxidized to ferrous ions which pass into solution. 
These reactions may be written as follows: 


Fe(metal) —> Fett + 2e 


[3] 
[4] 


Cutt + 2e —> Cu(metal) 
electron), the net reaction being 


Fe + Cutt —> Fett + Cu [5] 
The copper which plates out on the iron may vary in 
color from a dark, reddish-brown to a light coppery color, 
depending upon the pH and the temperature of the solu- 
tion and the kinds of other ions that are present. 
Thermodynamically, however, it can be shown that 
When the initial concentration of copper ions is below a 
certain value for a given set of conditions, reaction [5] 
will not take place as shown. For example, when the 
copper is combined in a complex manner, such as the 
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copper ammine, or cuprite ions, or as an insoluble oxide or 
hydroxide, the tendency for iron to corrode and copper to 
plate on the iron becomes nil. 

The corrosion of the boiler metal uniformly over the 
entire surface in contact with water, which potentially is 
able to exchange copper ions for iron ions, probably 
would not result in appreciable thinning of the steel over 
many years of operation. The serious consequence of 
corrosion by copper would be in the localized, pitting type 
of corrosion which might take place beneath small patches 
of deposited copper. Under such conditions, assuming 
the corrosion process to be electrochemical in nature, the 
total current of the small galvanic cell formed between 
the steel and the copper would be distributed over a small 
area and the current density would become extremely 
high resulting in rapid penetration of the metal. The 
mechanism of this type of corrosion is more fully de- 
scribed in a recent article (3). 


Results of Simple Test 


The following simple experiments with copper, al- 
though by no means comparable with tests made under 
operating conditions, suggest that the manner in which 
metallic copper is plated out on steam generating surfaces 
is by no means amenable to a simple explanation. 

Place a piece of clean copper in 100 ml of distilled 
water containing 1 ml of ammonium hydroxide. In 24hr 
the solution assumes a clear, deep-blue color signifying 
the presence of the copper ammine ion. This solution 
then is divided into two equal parts. Into one part a 
piece of clean boiler steel is placed and allowed to stand 
for 48 hr at room temperature. No metallic copper will 
plate on the steel in this time. The other half of the solu- 
tion is slowly heated and at about 150 F a brownish tur- 
bidity develops which changes later to a brownish-black 
precipitate, which presumably is hydrated cupric oxide. 
The blue color disappears, signifying that all of the copper 
now is present as the insoluble oxide. A piece of clean 
boiler steel is placed in this solution and allowed to stand 
for 48 hr at room temperature. No copper will plate on 
the steel. To this solution, containing the steel specimen 
then is added sufficient sodium hydroxide to make the 
concentration 500 ppm and the ammonia driven off by 
boiling for a few minutes. After standing for 48 hr at 
room temperature, no copper will be found to be plated on 
the iron. These tests show that when the copper is com- 
bined in a complex ion, such as (CuO2)= or [Cu(NHs),4] **, 
it will not plate on iron and that the cupri-ammine ion 
hydrolyzes to an insoluble oxide upon heating to about 
150 F. The first half of the original blue solution, con- 
taining the iron specimen, then is made acid to about 
pH = 5.0 with hydrochloric acid. Within 4 or 5 hr all 
of the copper will plate out on the iron as a reddish- 
brown loose deposit. This last experiment simply 
demonstrates the validity of equation [5]. 


Discussion of Theories 


Before attempting to correlate the above factors with 
operating conditions, it is desirable to discuss very briefly 
some of the theories that have been proposed by expo- 
nents of the idea that copper in boilers is harmful. 

It has been stated by some that copper acts as a 
catalyst in the decomposition of steam to hydrogen and 
oxygen, the resulting hydrogen diffusing through the 
steel to cause embrittlement and the oxygen combining 
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with the steel to form iron oxide, thus increasing the rate 
of corrosion of the steel. This is specious reasoning 
which fails to meet the premise that copper is harmful, in- 
asmuch as it is fundamentally incorrect. A catalyst 
will not change, at any stated conditions of temperature 
and pressure, the equilibrium ratio of hydrogen and oxy- 
gen to water vapor, as is implied above. The sole pur- 
pose of a catalyst is to increase the rate of a reaction to- 
ward a given state of equilibrium. Furthermore, if it is 
assumed, for the sake of argument, that copper will in- 
crease the amount of hydrogen and oxygen in equi- 
librium with the steam, there is no reason to believe that 
the oxygen preferentially would oxidize the steel. 

Another statement that has been made is that metallic 
copper deposited on the surface of the steel will, at oper- 
ating temperatures, diffuse into the steel and induce 
brittleness. Calculations from the diffusion constant for 
the rate of diffusion of copper into steel, in the tempera- 
ture range of boiler operation, shows that it would re- 
quire many years of contact, under ideal conditions, of 
the two metals to effect penetration of the order of 0.001 
in. It is true that copper in steel makes it hot-short, 
that is, difficult to forge without cracking, but there is 
no evidence that a small amount of copper in solid solu- 
tion in steel would impair its physical properties at the 
usual operating temperatures. 

To account for the presence of metallic copper in boilers 
it has been suggested that the hydrogen generated by 
reaction of the steam with the hot steel surfaces reduces 
the copper oxides to metallic copper. Hydrogen nor- 
mally cccurs in all boilers to a certain extent. Under 
conditions where overheating occurs, so that steam is in 
contact with iron above about 1000 F, the amount of 
hydrogen is increased. If, however, one calculates the 
partial pressure of hydrogen in a boiler under normal 
conditions, it will be found to be of extremely low magni- 
tude. For example, recently the partial pressure of 
hydrogen in a 1400-psi, 900-F boiler was calculated to be 
of the order of 1.5 microns Hg, based upon the amount of 
hydrogen collected from a 24-hr sample taken at the 
superheater outlet. The amount of hydrogen dissolved 
in the boiler water at this partial pressure is insignificant 
and could not conceivably have sufficient reduction 
potential to effect reduction of the copper oxides to 
metallic copper, particularly in the usual pH range of 
boiler water. 

On the other hand, if a hot-spot develops on a steaming 
surface, so that a relatively high concentration of hydro- 
gen is generated locally, the reduction of copper oxide 
deposits at the site of attack might take place. This, 
however, does not account for deposits of metallic copper 
in drums and headers, where no steam is being generated. 

Considering all of the above factors collectively, it is of 
interest to consider the sequence of events in a condensing 
cycle using low, evaporated makeup, and see if any 
correlation exists. The obvious defect of such a pro- 
cedure is that observations made under conditions where 
temperature, pressure, velocity and other environmental 
factors are not the same as those of actual operating 
conditions, may not be applicable. Nevertheless, certain 
qualitative conclusions may become apparent which will 
serve as a basis for experimental procedures. 
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After leaving the condenser the condensate, which wil] 
be at about 90 F, and have a pH between 5.0 and 7.0, 
may contain a small amount of ammonia derived from 
condenser leakage, carbon dioxide from the steam, pos. 


sibly some dissolved oxygen, and copper combined as a | 


complex compound of ammonia or carbon dioxide, the 
copper being derived from the brass condenser tubing, 
As the condensate passes through closed heaters, an in- 
crease in the amount of dissolved copper may be expected. 
Simultaneously, however, the increase in temperature of 
the condensate will tend to hydrolyze the copper complex 
to an insoluble oxide so that by the time the water enters 
the boiler the copper all will have been precipitated from 
solution. In the usual pH range of the boiler water, 10- 
11.5, and a temperature of between 450 and 600 F, some 
of the oxide may be converted to the complex (Cu0,)= 
form. 

The reactions of the copper thereafter remain an open 
question, to be answered in the laboratory. 
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THE GAS TURBINE IN AVIATION 


By C. D. FLAGLE and F. W. GODSEY, JR. 


only by reciprocating internal-com- 
bustion engines. Now there are new power 
plants and of them, two will undoubtedly 
figure largely in aviation of the near future. 
One is the jet-propulsion engine and the 
other the gas turbine-propeller drive. 
Both will have continuous combustion gas 
turbines as the prime mover. 

While the reciprocating engine will un- 
doubtedly continue to hold its present 
position in the field of low power and for 
planes of relatively low speed, the gas tur- 
bine will come into its own both as a jet 
engine and for driving propellers in high- 
powered planes and for high-speed flight. 

Of the three types of power plants, the 
gas turbine-propeller engine has character- 
istics that give it superiority over the re- 
ciprocating engine in all speed ranges and 
over the jet engine in low and intermediate 
speeds. The jet is pre-eminent in the 
highest speed range. Fig. 1 shows the 
probable fields of use of the three types. 


LP onty recently, airplanes were driven 


The Reciprocating Engine 


Development of the modern reciprocat- 
ing aircraft engine is one of the great tech- 
nical achievements of our age, inspired to 
no small degree by military requirements. 
That the primary objectives of efficiency, 
light weight and reliability have been met 
need hardly be repeated here. However, 
power ratings have reached a point where 
further major increases car probably only 
be attained by improvements in fuels or 
the addition of cylinders. The diameter 
or frontal area of engines is already limited 
by allowable piston speeds, larger engines 
are longer engines, and the specific weight 
is more apt to increase with power rating 
than decrease. Unfortunately, recipro- 
cating engines capable of delivering several 
thousand horsepower require controls, 
accessories and exhaust disposal systems 
which complicate installation and main- 
tenance problems to an extent that limits 
further large increases in power rating. 

The reciprocating engine is by nature 
adapted to cruising flight rather than sus- 
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Fig. 1—Probable fields of use of the 
three types of aircraft power plants 
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A comparison of the perform- 
ance, limitations and most fav- 
orable spheres of application for 
the reciprocating internal-com- 
bustion engine, jet propulsion 
and gas turbine propeller drive 
for airplanes, with particular 
reference to take-off, speed, alti- 
tude, fuel consumption and op- 
erating range. 











FUEL CONSUMPTION RATE IN vss /n.6/ nn. 


tained high-speed flight. Its highest ef- 
ficiency and _ greatest reliability are 
achieved only when the engine is operated 
below 60 per cent of rated power. An 
underpowered airplane is constantly 
plagued by power plant troubles of a me- 
chanical nature. Fig. 2 shows some typ- 
ical fuel rates at various operating condi- 
tions. 


Gas Turbine-Jet Engine 


Jet propulsion of aircraft has recently 
become a subject of much publicity and 
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RECIPROCATING ENGINE OUTPUT~ PERCENT OF MAKIMUM 


Fig. 2—Typical fuel consumption 

rates for a large reciprocating aircraft 

engine under different operating con- 
ditions 


confusion. In jet propulsion, all the 
power output of the engine is used to ac- 
celerate the air taken into the engine to a 
jet of approximately acoustic velocity 
which is expelled through an exhaust 
nozzle. The resultant thrust felt by the 
engine housing is the reaction to the force 
required to accelerate the intake air to its 
exhaust velocity. (Rockets also work by 
accelerating their internal charge to a high 
velocity, but they carry their own oxygen 
and fuel, making them independent of the 
atmosphere.) The gas turbine operates 
by inducting air, compressing it, adding 


heat at high pressure, and expanding the 
high-temperature combustion products. 
The major part of the energy is recovered 
in expansion through the turbine blading 
and must be used to supply energy re- 
quired for compression. The remainder 
of the expansion can be made to take place 
through a nozzle, where the energy ap- 
pears as kinetic energy of the exhaust 
gases. 

One may ask why the gas turbine can 
be so well adapted to jet propulsion while 
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Fig. 3—Propulsive efficiencies of pro- 

pellers and jets of jet engines. The 

fuel consumption of a typical Jet En- 
gine is also shown 


the conventional engine cannot. The 
answer lies to a great extent in the fact 
that the gas turbine handles a much 
greater mass of air (four to eight times 
greater than the reciprocating engine for 
each pound of fuel burned) which leads to 
a more efficient jet reaction. The differ- 
ence here is that the reciprocating engine 
requires a large mass flow of air for cooling 
external to the combustion space, while the 
gas turbine swallows its own cooling air 
and subjects it to the same thermodynamic 
cycle as the air needed just to burn the 
fuel. The relatively high combustion 
temperatures of the reciprocating engine 
result in high-speed exhaust gases with 
very unfavorable velocity ratios for jet 
flight at subsonic speeds. 

The principal advantages of the jet en- 
gine are its simplicity and light weight. 
The installed weight of the jet propulsion 
engine is little higher than its dry weight, 
since little oil is required for lubrication, 
and the engine itself requires no external 
cooling provisions. 

The jet engine’s thrust is relatively con- 
stant over normal airplane speed ranges. 
Therefore, the rating of a jet engine is 
usually given in terms of thrust rather 
than horsepower and means nothing from 
a power standpoint until the speed is also 
given. A thrust of 1 lb at a speed of 375 
mph is equivalent to one horsepower; 
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at lower speeds the power rating decreases 
and at higher speeds it increases in direct 
proportion. 

An adjustable-pitch propeller is capable 
of converting shaft power into thrust 
horsepower rather efficiently over a wide 
range of airplane speeds, but the jet’s ef- 
ficiency is quite low at low speeds. This 
is shown in Fig, 3, in which it can be seen 
that present jet efficiency does not equal 
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propeller efficiency until flight speeds of 
about 500 mph are attained. Below this 
speed the jet efficiency, consequently its 
fuel economy, is inferior. The fuel ef- 
ficiency of a jet engine is low, principally 
because of the jet efficiency characteristic; 
secondly, because the gas turbine itself 
operating at a low compression ratio is 
handicapped in efficiency. 

It is significant that jet efficiency over- 
takes propeller efficiency in a speed range 
in which compressibility effects impose 
critical aircraft design limitations. Much 
aerodynamic research must be carried out 
before jet propulsion can be utilized to its 
best advantage. 


Gas Turbine Propeller Drive 


A simple open cycle gas turbine can be 
built today to work at a peak temperature 
(temperature of gases entering the turbine) 
of 1500 F. With further metallurgical 
progress, the life of highly stressed turbine 
parts operating under high temperature 
will be increased and the limiting cycle 
temperature may be elevated above 1500 
F. With a compression ratio of 10:1 and 
compressor and turbine efficiencies of 85 
per cent, a fuel efficiency of 26 per cent 
can be achieved. By increasing compres- 
sor efficiency to 87 per cent and turbine 
efficiency to 89 per cent we may expect a 
rise in efficiency to 28 per cent at standard 
sea-level conditions. At 15,000 ft, due to 
low ambient temperatures, the cycle ef- 
ficiency rises to 31.5 per cent. 

A schematic illustration of a gas turbine 
geared to a propeller is shown in Fig. 4. 
In appearance, the axial flow gas turbine 
for propeller drive will be a symmetrical 
machine, its reduction gear concentric with 
its rotor. Its diameter will be less than 
half that of a conventional reciprocating 
engine of comparable power, permitting it 
to be easily buried within a fuselage or 
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wing. Presenting little frontal area and 
requiring no external cooling air for itself, 
the gas turbine offers very little drag at 
high speeds. This, in addition to the fact 
that the gas turbine efficiency is best at its 
peak load, points to the adaptability of 
this type of power plant to high-speed 
flight. 

The efficiency of a gas turbine is highest 
at its rated load and rated rpm. As the 
rpm decreases, the efficiencies of compres- 
sion and expansion drop off and the com- 
pression ratio also decreases rapidly. 
Since the useful power output of the 
machine is the relatively small difference 
between the power developed by the tur- 
bine and power absorbed by the compres- 
sor, any change in compressor or turbine 
efficiency is magnified in its effect on power 
output. In fact, it is doubtful if the tur- 
bine output will be sufficient to drive the 
compressor—much less supply power to 
the propeller at much below one-half rated 
speed. 

The gas turbine for propeller drive oper- 
ates on four to eight times the quantity of 
air used by a reciprocating engine of com- 
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Fig. 5—Range of fuel consumption 
rates for aircraft gas turbines with re- 
duction gear output to propeller 
shaft; rates have not been adjusted 
for exhaust jet thrust effects 


parable power. A large exhaust jet 
thrust is available to supplement the pro- 
peller, since normally about 20 per cent 
of the useful power remains in the exhaust 
gases as kinetic energy; the proportion of 
useful power remaining in the exhaust to 
power delivered to the propeller can be 
controlled by the designer. 

The gas turbine will permit a much 
lighter power plant installation than will 
the reciprocating engine. The installed 
weight of the geared gas turbine plant 
should be less than three-fourths the 
weight of the equivalent reciprocating en- 
gine installation. 

In general, operations at normal flight 
altitudes are favorable to economical tur- 
bine performance; fuel rates are indicated 
in Fig. 5. It is interesting to note that 
for rough approximation purposes, the 
exhaust jet thrust just about compen- 
sates for propeller losses and nacelle and 
cooling drag, so that the shaft power out- 
put of the turbine is just about equal to 
the net thrust horsepower available. 
This is very different from the reciprocat- 
ing engine. 


The gas turbine is not a supercharge; 
engine. Therefore, the selection of powe 
rating must be based on altitude require. 
ments; and for sea level operation, cop. 
siderable excess power will usually ly 
available. Typical power availability 
curves for various types of power plant; 
are shown in Fig. 6. 


The foregoing describes the principal 


features and characteristics of conven. 
tional reciprocating engines, gas turbines 
geared to propellers, and jet engines. 
How they are now used and how they can 
best be applied will next be considered. 

The reciprocating engine, in its normal 
cruising power range, is a very efficient 
means of converting fuel energy into shaft 
power. However, its application to air- 
craft is complicated by many difficult 
problems, among which are the necessity 
for supercharging at high altitudes, severe 
vibration, excessive weight installed as 
compared with dry engine weight, and 
high nacelle drag and engine cooling power 
losses, 

For medium range and long range air- 
craft, the most important problems are 
probably the reduction of nacelle drag 
and engine cooling losses. Airplanes de- 
signed for low-speed operations can afford 
to have a large part of the plane’s parasitic 
drag absorbed in engine nacelle and engine 
cooling losses, since induced drag may be 
a large portion of the total flight power 
requirement and engine losses are a rela- 
tively minor factor. This is distinctly not 
the case with long-range and high-speed 
aircraft where induced drag is relatively 
small and parasitic drag all-important. 

The reciprocating engine presents a 
large frontal area when placed in a wing 
nacelle, and the total profile area of power 
plant frequently exceeds that of the fuse- 
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Fig. 6—Effect of altitude operations 
on power availability of various typical 
aircraft engines 


lage. Similarly, the reciprocating engine 
requires large volumes of cooling air that 
must be fotced around the cylinders of air- 
cooled engines or through the radiators of 
liquid-cooled engines as well as through 
numerous accessories and oil coolers. 
Fig. 7 shows the power losses at different 
airplane speeds for a typical 2000-hp en- 
gine installation complete with propeller 
and installed in a wing nacelle. The re- 
maining available power under any but 
low-speed flight conditions is greatly re- 
duced by these losses. 
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iy The axial-flow jet engine is capable of 
elivering almost constant thrust at all 
peeds from take-off to dive maximum. 
hroughout this speed range, fuel is 
Hurned at practically a constant pounds 
Mer hour rate, and changes in speed have 
but little effect on thrust or fuel consump- 
ion. Further, the jet propulsive efficiency 
s approximately proportional to speed, as 
hown in Fig. 3. These factors will lead 
o the use of jet engines in high-speed 
nircraft. At low air speeds, fuel consump- 
jon rates are exorbitant when compared 
vith propeller-driven aircraft. 

To offset the disadvantage of low effi- 
iency at low speeds, the jet engine de- 
livers a lot of power for very low installed 
power plant weight in its proper flight 
speed range. Cycle efficiency, while not 
jgood, is fair, which means low fuel cost per 
ithrust horsepower at very high speeds, 
‘and the engine’s diameter is small enough 
to permit buried installations in the wings 
of any but the smallest planes. 

Apart from booster applications in air- 
craft that are underpowered with recipro- 
cating engines, jet engines should not be 
installed in any but the cleanest of low 
drag airplanes. The most suitable appli- 
cations for jet propulsion appear to lie 
in speed ranges where compressibility 
effects are the principal unknowns; 
supersonic problems are fairly well known 
from ballistics and low-speed flight has 
been well explored, leaving the natural 
flight speed range of the jet engine a large 
blank. 
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Fig. 7—Typical losses associated with 
a large reciprocating engine in a wing 
nacelle and operated at full power 


The gas turbine geared to a propeller 
has the advantages of the jet engine with 
respect to drag reduction and ease of in- 
stallation, while at the same time retaining 
the high propulsive efficiency of the pro- 
peller at low speeds. The present limit 
of usefulness of the geared propeller tur- 
bine at high flight speeds is set by the 
characteristics of available propellers 
which lose out quite rapidly in efficiency 
above 500 mph. 

[t is possible to make a choice of the di- 
vision of power outputs of a turbine pro- 
peller unit between jet exhaust thrust and 
the propeller shaft. For example, for a 
very high-speed airplane that must still 
have a good take-off characteristic, 50 
per cent of the power might be used in jet 
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thrust and the remainder in the propeller 
For ordinary applications, however, be- 
tween 20 per cent and 25 per cent of the 
available energy should remain in the ex- 
haust jet, the turbine shaft recovering the 
remainder. 

The field of usefulness of the gas turbine 
with propeller extends to all aircraft re- 
quiring engines of greater than perhaps 
1000 to 2000 hp, and designed for all 
speeds up to and in excess of 500 mph. 

The conventional engine installation is 
four engines supercharged to 2000 horse- 
power each at 20,000 ft. In the jet-pro- 
pelled version, four 6000-lb static thrust 
engines are used; this will give 24,000 Ib 
take-off thrust, approximately equal to the 
take-off thrust of the plane with recipro- 
cating engines. Once in flight, two of the 
jet engines would be shut off for cruising 
under 25,000 ft altitude and the other two 
would be used for propulsion. In the gas 
turbine geared propeller version, four en- 
gines capable of delivering 2000 shaft 
horsepower each at 20,000 ft would be 
used. At take-off these engines will de- 
liver 3200 hp each. A propeller designed 
to absorb 2000 hp in the low density air 
of 20,000 ft altitude can handle 3800 hp at 
sea level with the same level of propulsive 
efficiency. 


CRUISE CONDITIONS (20,000 FT ALT.) 


Best 
Cruising Miles Extreme 


Speed, per Lb Range, 
Mph Fuel Miles 
Conventional 250 0.120 4800 
Turbine Propeller 
(4 engines) 300 0.125 5700 
Turbine Propeller 
2 engines) 280 0.145 6600 
Jet Propelled (2 
engines) 350 0.050 2650 


Jet Propelled (4 
engines 35,000 


ft alt.) 460 0.066 3500 


The sensitivity of the gas turbine pro- 
peller to partial load operation is seen in 
the table. An 18 per cent increase in 
range is obtained by operating two engines 
close to full load and maximum efficiency 
rather than operating four engines at less 
than half load. This is a fundamental 
difference that exists between turbines 
and reciprocating engines, and it makes 
necessary a careful selection of turbine 
ratings for any given application if maxi- 
mum fuel economy is to be gained. The 
same conditions are true of jet propulsion 
engines, and it is profitable to operate close 
to 80 per cent of full rating of the turbines 
either by shutting down excess power 
units or going to a sufficiently high alti- 
tude to decrease the maximum rated out- 
put to a value near the required flight 
power. Inthe case of jet propulsion, since 
high speed and high propulsive efficiency 
go together, very high altitude operation 
is essential to maximum flight economy. 

The general characteristics of the three 
types are compared by the bar charts of 
Fig. 8. It is interesting to note that 
the gas-turbine propeller airplane is supe- 
rior to the conventional aircraft on every 
count with the exception of altitude ceil- 
ing, where they are about equal if the re- 
ciprocating engines are  turbo-super- 
charged. Since turbine propeller fuel 
economy and installed power plant weights 
are both superior to those of the conven- 
tional engine, the long range and short 


range load carrying abilities of the tur- 
bine propeller aircraft are superior to the 
conventional one. On the other hand, the 
jet propelled aircraft has a very light power 
plant installation and can get off the 
ground for very short flights with aboit 
five tons more payload than the conven- 
tional aircraft, and about three tons more 
than the turbine propeller version. How- 
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Fig. 8.—Comparison of the character- 
istics of the three types of propulsion 


ever, jet propulsion requires so much more 
fuel than other types of power plant, that 
at about 2000 miles extreme range the jet 
plane loses out to the reciprocating engine 
and is far behind the geared turbine in 
payload carrying ability. 


Oil Requirements 


Speaking recently before a Pacific Coast 
meeting of the American Petroleum In- 
stitute, Ralph K. Davies, Deputy Petro- 
leum Administrator for War, gave the 
following figures on current oil require- 
ments: 

The world-wide requirement of the 
United Nations exceeds 7 million barrels of 
oil per day. Of this the United States is 
called upon for 5,150,000 bbl, or 69 per 
cent; South America 14 per cent; countries 
of the Middle East 7 per cent; and Russia 
9 per cent. In the United States the cur- 
rent rate of production exceeds even the 
maximum efficient rate for the fields by 
some 200,000 bbl per day—a condition 
justified only by the national emergency. 

California operating on an wunprece- 
dented scale of close to a million barrels 
per day, supplies only 42 per cent of the 
total requirement of the Pacific theater; 
28 per cent of these requirements is com- 
ing from the Caribbean; 14 per cent from 
inland United States and the Gulf; 2 per 
cent from Peru; and 14 per cent from the 
Persian Gulf. Movement of crude oil and 
its products from Texas and the mid-con- 
tinent fields to California is now 140,000 
bbl per day. 
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Unit Power Plants for Export 


mg before the Metropolitan Sec- 
tion, A.S.M.E. on May 22 Charles A. 
Muessel, of Westinghouse Electric In- 
ternational Company, told of the develop- 
ment by his company in conjunction with 
Burns & Roe, consulting engineers, of 
unit power plants for export. 

The plan was conceived in 1939 and 
after preliminary designs had been worked 
up for a 1000-kw condensing plant for 
operation at 425 psi 740 F, proposals were 
submitted early in 1941 to representatives 
of the Chinese Government. 


Chinese Plants 


The plants destined for China presented 
many unusual design elements. They 
were intended to be installed in natural or 
artificial caves, the design contemplating 
two parallel caves—one for the boiler 
room, and the other for the turbine room, 
with a rock wall between. The roof of the 
caves was to be excavated to form a barrel 
vault about 30 ft high for the turbine 
room and 60 ft high for the boiler room. 
Long access tunnels provided means of 
reaching the two operating rooms as well 
as serving as ventilation intakes. This 
construction was selected as a protection 
against aerial bombs, andcombustion gases 
were to be delivered by induced-draft fans 
to camouflaged offset shafts whose outlets 
were a considerable distance from the boiler 
room. 

The first of these Chinese plants was 
intended for the upper reaches of the 
Yangtze River which has a yearly varia- 
tion in water level of some 65 ft and a max- 
imum stage level difference of 75 ft. 
Therefore, the boiler- and turbine-room 
floor level had to be set at 11'/: ft above 
the highest recorded flood-water stage. 
This extreme fluctuation in river level pre- 
sented a problem in obtaining circulating 
water for condenser cooling, which was 
solved by the use of deep-well pumps. 

Geared turbine-generator sets were 
selected primarily because they could be 
broken down into packages of permissible 
size and weight for truck transport over 
the Burma Road, but this arrangement 
which has been adhered to for later units 
also affords flexibility in speed and fre- 
quency. 

Because of the temporary closure of the 
Burma Road the original eleven units 
destined for China had to be placed in 
storage on the Pacific Coast, but some of 
these have since been shipped and are now 
being erected. 

Next, 2000-kw unit plants were designed 
with the turbines and boilers similar in 
general design to the 1000-kw units. 
Seven of these were intended for China, 
but have since been diverted to Russia 
and Italy, and to the Netherlands for 
pumping inundated areas. 


Plants for Russia 


Subsequent Russian orders contem- 
plated plants of both 1000- and 2000-kw 
capacity to be housed in brick and con- 
crete structures. As some of these were 
to be erected in northern Siberia, where 
temperatures range from plus 85 F to 
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minus 62 F, unusual design and operating 
problems were involved. For these in- 
stallations the condenser cooling water 
system employs standard spray-pond con- 
struction for use at outdoor temperatures 
above 32 F, but has available a separate 
circulating system which circulates the 
cooling water under the ice cap in the 
spray pond during extreme cold weather. 
In addition, an anti-freeze circulating sys- 
tem is located at the makeup water pump 
house. 

A variety of fuel conditions had to be 
met. The Chinese plants contemplate 
the use of coal only, of about 10,100 Btu 
per lb and 30 per cent ash, whereas the 
coal for the Russian plants runs as low as 
6680 Btu per lb and 26 per cent ash. The 
Russian fuel situation was further com- 
plicated by the desire to burn peat and 
wood, either alone or simultaneously with 
the coal. 

The wood-firing system includes a mo- 
tor-driven hogger to chip meter lengths 
of cordwood, six inches or less in diameter, 
to a fineness of approximately puffed 
wheat or rice. A separate wood stoker 
controls the flow of hogged fuel to the 
feeder nozzles located in the front wall of 
the boiler. 

The boilers for the above-mentioned 
units are of the bent-tube, S-A type with 
a 42-in. steam drum and two 18-in. lower 
drums, each served by a spreader stoker 
firing over a traveling grate. The turbine- 
generators are of 12-stage impulse design 
operating with steam at 400 psi 725 F at 
the throttle and a 28-in. vacuum. Steam 
is bled for feed heating and evaporating 
the makeup. A double helical reduction 
gear and pinion connects the turbine and 
generator and the speed reduction is 4425 
to 1000 rpm. All piping is prefabricated 
in sizes above 2 in. 

In these developments standardization 
was a prime objective, thereby reducing 
initial cost and materially simplifying both 
erection and maintenance. Each size of 
power plant consists, basically, of a boiler, 
turbine, feedwater heaters, necessary aux- 
iliaries, switchgear and a circulating water 
system. 


Export Conditions 


Commenting on post-war export possi- 
bilities for such standardized unit power 
plants, Mr. Muessel stated that the aver- 
age foreign purchaser of plants from 500 
to 5000 kw capacity is receptive to a com- 
pletely fabricated plant, not requiring the 
services of a consulting engineer, in con- 
trast with practice in this country. More- 
over, the foreign purchaser has not learned 
to expect excess capacity over that for 
which he contracts. It is important that 
all dimensions and drawings be in the 
metric system and that gages be marked 
in atmospheres rather than pounds pres- 
sure. Moreover, because of low fuel and 
labor costs in many countries, efficiency 
is of secondary importance and only simple 
controls are warranted. He did not antici- 
pate much of a market for such plants in 
the United States. 


Losses in Coal Production 


The 19-day strike of the anthracite 
miners in May resulted in lost production 
of 3'/: million tons, as estimated by the 
Solid Fuels Administration. This would 
have supplied the heating requirements of 
some 400,000 homes next winter. 

During the calendar year 1945 to May 
19, on which date the strike was termi- 
nated, the output of anthracite totaled 
only 19,341,000 tons which was 6,253,000 
tons less than that during the correspond- 
ing period last year. Thus over one-half 
the deficit was due to the strike and the 
remainder is attributed to manpower 
shortage at the mines. 

Production of bituminous coal for the 
present year up to May 19 was 227,155,- 
000 tons which was a decrease of 20,273,- 
000 tons over the comparable period for 
1944. While part of this deficiency was 
due to manpower shortage and to trans- 
portation difficulties during the severe 
winter weather, a considerable portion 
has also been due to sporadic strikes in 
various mining districts, some of which 
occurred or continued after the new wage 
contracts went into force. 

In view of this situation, the Solid Fuels 
Administration is urging all consumers to 
purchase and stock up during the summer 
months, so as to keep the demand up and 
help alleviate conditions during the fall 
and winter months. 

While substantial cut-backs and plant 
reconversions may ease the fuel problem 
temporarily in some areas, it is likely that 
most of the plants not engaged in war 
production for the Pacific will resume 
capacity as soon as possible to fill deferred 
civilian needs. Moreover, with termina- 
tion of the “brown-out” and ‘“‘curfew” 
the fuel saving which they represented 
must be saved elsewhere. Hence, the Na- 
tional Fuel Efficiency Council has been 
requested by the Bureau of Mines to re- 
double its efforts for the remainder of the 
year toward achieving maximum fuel con- 
servation among industrial and commer- 
cial consumers. 


Army Engineers’ Floating 
Power Plants 


Increased demands for power, due to the 
war, resulted in overtaxing existing utility 
systems in certain areas throughout the 
country and necessitated the construction 
of several mobile power units capable of 
being readily moved from one location to 
another temporarily to relieve critical 
power situations in specific areas until such 
time as permanent relief could be provided 
for those areas. These floating power 
plants were developed by the U. S. Army 
Engineers Corps, one of the largest of 
which is called the ‘“‘Inductance”’ and rated 
at 30,000 kw is operated by the Memphis, 
Tenn., Army Engineer district. 

The plant is housed in a steel hull 318 
ft long 50 ft wide and has a maximum 
draft of 14 ft. Since it is a floating plant, 
it can be moved to any point accessible 
to water transportation. Power is gener- 
ated at 13,800 volts by a 30,000-kw alter- 
nator driven by a 19-stage steam turbine. 
Steam is supplied to the turbine at 850 
psi and a temperature of 900 F by two 
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marine express-type boilers equipped to 
burn either oil or gas separately or simul- 


taneously. Two 300-kw_ diesel-driven 
generators are provided for emergency use 
aboard the plant and for starting-up pur- 
poses. A three-phase power transformer 
rated at 37,500 kva is provided to raise the 
generated voltage to a value suitable for 
transmission. Taps are provided so that 
voltages ranging from 63,100 to 138,000 
may be obtained as required. Although 
rated at 30,000 kw, the plant can deliver 
36,000 kw for an extended period. A total 
of 43 persons are required to keep the 
plant in operation 24 hr per day. 

In addition to the power generating 
equipment described, there is included as 
a part of the plant, a shop with the neces- 
sary machine tools and equipment for 
making general operating repairs, a gal- 
lery and living quarters for feeding and 
housing the operating personnel, and an 
office for handling administrative work in 
connection with operation of the plant. 
The unit therefore is capable of operation, 
if necessary, in isolated localities for ex- 
tended periods of time. 


Areas Served 

The plant has been in operation approxi- 
mately seventeen months. During this 
period it has generated electrical energy 
for distribution over the power lines of the 
Mississippi Power and Light Company 
for serving the area around Vicksburg and 
Jackson, Mississippi, and the Gulf Power 
Company for serving the area around 
Pensacola, Florida. Approximately 264,- 
724,000 kwhr of electrical energy have 
been generated to date. 

At present the “Inductance” is sta- 
tioned at Jacksonville, Florida, furnishing 
power to supplement the power generated 
by the city’s municipal generating plant. 
Due to the tremendous load demands on 
the city power plant, it has not been pos- 
sible to shut down any of the units of the 
plant for needed repairs. With the ‘“In- 
ductance”’ supplying power into the munic- 
ipal power system, the city now can shut 
down some of these power units and make 
the necessary repairs thereto without sac- 
rificing services to the city as a whole. 
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In the Beaumont ‘‘Vac-Veyor” pneumatic ash handling system the 
exhauster, receiver, separator and air washer are combined as one 
unit. Operating advantages include: (1) All ash delivered into the 
silo, none into the air. (2) Ashes delivered practically dry, which 
minimizes the possibility of packing or freezing in the silo. (3) 
Continuous operation, with low steam consumption. What are 
Send today for literature. 


your ash handling problems? 
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BEAUMONT BIRCH COMPANY 


1506 RACE STREET 
DESIGNERS » MANUFACTURERS + ERECTORS 


PHILADELPHIA 2, PA. 


OF COAL AND ASH HANDLING SYSTEMS 





Present plans call for continuous opera- 
tion of the plant for the duration of the 
war. Another of these units of 25,000 kw 
capacity was sent abroad and is serving 
as an auxiliary power plant for emergency 
use in a European harbor. This is shown 
in the accompanying photograph recently 
released by the Bureau of Public Relations 
of the War Department. 





One of the Army Engineers’ 25,000-kw floating power plants in a 
European harbor 
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Personals 


Elmer L. Lindseth, formerly production 
engineer and later executive vice-president 
of the Cleveland Electric Illuminating 
Company, has been elected president of 
that company, succeeding the late Eben G. 
Crawford. 

J. S. Wise, after nearly half a century 
spent in the electric industry, has retired 
as president of the Pennsylvania Power & 
Light Company. 

Philip Sporn, for some years vice-presi- 
dent and chief engineer of the American 
Gas & Electric Company, has been ad- 
vanced to the position of executive vice- 
president. 

J. I. Yellott has resigned as Director of 
Mechanical Engineering at Illinois In- 
stitute of Technology to become Director 
of Research for the Locomotive Develop- 

ment Committee of Bituminous Coal Re- 
search. He took up his new duties on 
May 1 with headquarters in Baltimore. 

W. G. Davenport has been elected presi- 
dent of the Beaumont Birch Company, 
manufacturers of coal-, ash- and materials- 

handling equipment. 

Prof. G. L. Tuve, of Case School of Ap- 
plied Science, has been appointed head of 
the Department of Mechanical Engineer- 
ing, as of July 1, to succeed Prof. F. H. 
Vose, who has held that post for 31 years. 

A. E. Candle has been appointed sales 
manager of the blower and compressor de- 
partment of Allis Chalmers Company. 
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Boiler Inspectors Meet 


HE Fifteenth Meeting of the National 

Board of Boiler and Pressure Vessel 
Inspectors was held at the Hotel McAlpin, 
New York, May 22-24. Because of ODT 
restrictions out-of-town attendance was 
limited to about thirty-five members repre- 
senting states and cities having boiler in- 
spection departments, but local attend- 
ance included representatives of insurance 
companies and manufacturers, as guests. 
The program was devoted entirely to busi- 
ness sessions. 

Following brief addresses by Gerald 
Gearon, Chairman of the National 
Board, A. C. Weigel, President of the 
American Boiler Manufacturers Associa- 
tion and Affiliated Industries, and by 
H. B. Oatley, Chairman of the A.S.M.E. 
Boiler Code Committee, a number of per- 
tinent topics were discussed. These in- 
cluded the following: 

“Explanation of a Peculiar Tube Fail- 
ure’? was given by Charles Sattler who 
told of a 4-in. tube in an hrt boiler which 
had a shim under the tube seat to insure 
tightness. Because of the high-ash coal 
burned it was the practice to steam lance 
the tubes at intervals, but considerable 
water had been allowed to accumulate in 
the hose and was not blown out. When 
the lance was next applied the cold water 
contracted the tube and it pulled out. 
The peculiar aspect of the failure was that 
the tube was projected longitudinally, like 
a rocket, and did considerable damage be- 
sides scalding the operator. 

A. L. Colby showed slides of a number of 
failures of oil-fired boilers in the State of 
Louisiana, which accidents were attribu- 
table to low water and incompetent opera- 
tors. Fifteen such cases had occurred 
within the last three years in that state 
alone, resulting in nine fatalities. Discus- 
sion revealed that accidents due to low 
water have been general during the last 18 
months in many sections of the country, 
particularly with small boilers in which too 
much dependence was placed on automatic 
control without efforts being made to as- 
sure that these controls were maintained 
in proper working order. 

Considerable discussion centered around 
a proposal that the A.S.M.E. Boiler Code 
Committee consult the National Board 
before making drastic changes in Code 
Rules and the possibility of Code revisions 
and changes being accepted by the Na- 
tional Board on January 1 of each year 
only. This, it was contended, would en- 
able inspectors to keep better informed, 
for at present many shop inspectors are 
confused by interpretations issued from 
time to time. 


On behalf of the Boiler Code Committee 
it was pointed out that special requests are 
frequently received, both from enforce- 
ment groups and manufacturers for rulings 
concerning new construction, not already 
covered, which must be tried out before 
putting into the Code. Many of these 
concern welding and advances in metal- 
lurgy. These result in issuing interpreta- 
tions throughout the year, but the pink 
sheets designating changes in the Code are 
issued only once a year, usually in Septem- 
ber or October, The Boiler Code Com- 
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mittee, while conscious of the problem, 
still would not be justified in holding up 
construction in some cases for many 
months before issuing an interpretation. 
In fact, a large number of these deal with 
transient matters and do not form the basis 
of printed interpretations. In some states 
changes in the A.S.M.E. Code automat- 
ically become a part of the State Rules, 
whereas in others they must first be 
adopted by the enforcement bodies. 

Mr. Oatley recalled that following the 
last war there was much uncertainty in the 
quality of available materials and cau- 
tioned that vigilance in inspection would 
be required in the coming post-war period. 
This is particularly true because of the 
employment in many war materials of 
various alloying elements and these are 
likely to find their way, through scrap, 
into boiler steel. The Code, he observed, 
can never be considered a finished work, 
because of progress in the field. 

Reciprocity between states in the is- 
suance of reciprocal commissions to in- 
spectors was proposed, to save time and 
travel expense of shop inspection by in- 
spectors of the state in which a particular 
boiler is to be installed. It was suggested 
that this might be brought about by hav- 
ing all states and municipalities having en- 
forcement regulations accept a National 
Board inspector’s commission. In a few 
states this would involve changes in the 
existing laws or their interpretation. The 
consensus was that this is a matter which 
the National Board should get behind. 

Among other subjects that came up for 
consideration at the meeting were proce- 
dures necessary before second-hand boilers 
or pressure vessels can be shipped into a 
state, adoption of recommended rules for 
repair by fusion welding, tolerance to be 
permitted in operation of non-standard 
boilers after the war emergency, major al- 
terations of new boilers in the field, and the 
suggestion that Code requirements make 
it compulsory on large boilers to provide a 
dual source of drive for the feed pumps. 

At the business meeting following the 
general sessions Gerald Gearon, who had 
been filling out the unexpired term of the 
deceased chairman, was elected chairman. 


E. R. Fish Honored 


At a dinner given by the A.S.M.E. 
Boiler Code Committee at the Engineers’ 
Club, New York, on May 24, as host to the 
National Board of Boiler and Pressure 
Vessel Inspectors, Edward R. Fish, past 
chairman of the Boiler Code Committee, 
was presented with a scroll to commemo- 
rate his election as an Honorary Member 
of the National Board 

T. B. Allardice, of the American Gas 
& Electric Service Corporation, acted as 
toastmaster and addresses were made by 
H. B. Oatley, Chairman of the Boiler Code 
Committee; Gerald Gearon, Chairman of 


the National Board; and Cc. E. Davies, 
Secretary of the A.S.M.E., representing 


President Alex Bailey who was unable to 
be present. Ninety-three attended the 
dinner. 





These important fuel- 
maintenance-reducing features are 
obtainable with Enco boiler baffles — ond 
only with Enco baffles. 


saving, 


Streamlined gas flow 

Uniform gas flow 

Elimination of bottle necks 

Reduced draft losses 

Higher heat transfer 

Cleaner heating surfaces 

Less use of soot blower 

Special provision for expansion 

Easy tube replacement 

Adaptable to any water-tube boiler, 
fired by any fuel 


Each application is designed on the basis of 
more than a quarter century of experience in 
this specialized branch of power engineering. 
Installations are made by skilled mechanics. 
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BIRD-ARCHER 
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for steam or process requirements 
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and chemical laboratory analysis. 


* 


Write for our latest booklet on Water Testing Equipment 
for Power Plants and Methods of Procedure 
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Mobile Power Plants Furnished 
by British 


Much has been published on the power 
trains built in this country and supplied 
under Lend-Lease to Russia for supplying 
emergency power to devastated regions 
and it may be of interest to review what 
the British have been doing along similar 
lines. 

In the May 1945 issue of Engineering 
and Boiler House Review (British) a descrip- 
tion is given of the mobile power plants 
supplied by the Metropolitan-Vickers 
Electrical Company Ltd., as prime con- 
tractor, to the Ministry of Supply for the 
Soviet Government. Many of these sets 
are already in service and more are being 
built or are in transit. 

Mounted on railway cars, these units 
fall into four groups, namely, 1000-kw 
coal-fired, 1000-kw oil-fired, 2500-kw coal- 
fired and 5000-kw oil-fired. It will be re- 
called that the 5000-kw units for the power 
trains built in the United States are de. 
signed to burn low-grade coal or lignite. 

The coal-fired boilers for the 1000-kw 
sets are of the John Thompson water- 
tube type with integral economizer and 
water-cooled furnace fired by a motor- 
driven chain-grate stoker. A belt con- 
veyor delivers coal to the stoker hopper. 
Both forced and induced draft is provided. 
The maximum continuous output is 16,750 
Ib of steam per hour at 382 psig and 690 F 
total steam temperature. 


Forced-Circulation Boilers Included 


The oil-fired boilers for the 1000-kw 
sets are of the La Mont forced-circulation 
type built in two distinct sections, the 
first being the combustion-chamber cool- 
ing tubes and the second the boiler convec- 
tion elements arranged in two banks to 
provide space for the superheater. The 
circulating pump is steam driven and boiler 
feed makeup is supplied from a single- 
effect evaporator. The maximum con- 
tinuous rating is 17,500 lb per hr at 390 
psig and 690 F. 

Boilers for the 5000-kw units are of 
Foster-Wheeler design, manufactured un- 
der license by Ivor Power Specialty Com- 
pany Ltd. They are of the two-drum 
bent-tube type, of 65,000 Ib per hr maxi- 
mum continuous rating at 392 psig and 
700 F. Forced draft only is employed 
and the fan is driven by a single-stage 
impulse turbine. Boiler feed is conden- 
sate supplemented by makeup from a 
single-effect evaporator. 

The turbine-generators for the several 
capacities are similar, except for the num- 
ber of stages, in that they are all ‘“‘Metro- 
vick”’ geared units with the condensers 
built integral with the turbine exhausts. 

In contrast with the American-built 
5000-kw power trains which employed air 
condensers, the British-built units have 
conventional surface condensers designed 
for 27.6-in. vacuum with circulating water 
at 60 F. 

The 5000-kw equipment is carried on 
three cars and the 2500-kw set on two— 
each exclusive of an additional car to 
handle miscellaneous equipment, spares 
and supplies. As a protection against 
weather each car is covered by canvas 
mounted on tubular supports. 
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Novel Wind Turbine 


The Federal Power Commission has 
issued a staff report, prepared by Percy H. 
Thomas, presenting the preliminary re- 
sults of a survey undertaken to determine 
the potentialities of the wind as a source of 
electric energy. The investigation was 
based on a study of the records of the 
Weather Bureau,which show wind-velocity 
readings taken at all times of the day and 
night and throughout the year at hundreds 
of stations scattered over the country. 

The studies also show that the velocity 
of the wind increases with higher eleva- 
tions above the earth’s surface. While no 
consistent and complete data appear to ex- 
ist from which a reliable determination of 
the relation of altitude to wind velocity 
can be obtained, the report says that it ap- 
pears from the average of a considerable 
number of balloon observations that the 
wind velocity 500 ft from the surface will in 
a general way have a value from 1.35 to 
1.45 times the velocity within 40 ft of the 
surface 

On the basis of his study Mr. Thomas 
has designed wind turbines with new and 
novel features and having considerably 
larger capacity than any existing at pres- 
ent. The designs are substantially differ- 
ent from the 1000-kw wind turbine instal- 
lation of the Central Vermont Public Serv- 
ice Corp. atop Grandpa’s Knob near Rut- 
land, Vermont, which has been used for 
several years for the commercial generation 
of electric energy. 

One of Mr. Thomas’ designs is for a 
7500-kw unit, and the other for a 6500-kw 
unit. The former provides for a twin- 
wheel layout with a turbine wheel mounted 
on each end of a 200-ft bridge. There are 
two airplane-type propeller blades per 
wheel. These require unusual bracing be- 
cause of their great lengta, 100 ft, and the 
enormous aerodynamic bending stress, 
which is estimated at 42 tons per blade. 

The 6500-kw design utilizes the same 
tower and has the same diameter wheel, 
but has three blades per wheel instead of 
two. In this design, the braces are placed 
on the windward side of the blades and are 
given appropriate cross-sections and pre- 
scribed blade angles so that they may act 
to develop power. 

One of the most interesting features of 
the designs is that the blade units are fixed. 
Feathering, as in certain types of airplane 
propellers, has been omitted. The neces- 
sary control of the turbine speed to fit it 
to the existing wind velocity is secured by 
a differential device, operating, through a 
relay, on the field strength of the genera- 
tor, acting to adjust continuously the load 
on the unit to that appropriate for the 
wind velocity of the moment. Powerful 
automatic brakes permit stopping the 
blades in case winds of hurricane velocity 
threaten to impose too great a load on 
them. 

The Thomas designs for larger units ap- 
pear to solve one of the most perplexing 
problems involved in the generation of 
electric energy by the wind, that of gener- 
ating electricity from a wheel that revolves 
at varying speeds and sending it into a 
transmission system at standard and un- 
varying frequency. This is done by first- 
stage generation of direct current, which 
has no frequency, and converting it to al- 
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it in front of your eyes. 


‘The ‘Valway Remote Liquid Level 


Indicator is aceurate because it’s 

ted by the boiler water itself —by 
tha eee differential between a 
comet head of water and the vary- 
ing head in the boiler drum... a 
unique indicating mechanism which 
is never under pressure. “Positive as 
the law of gravity.” Action is instant, 
constant, frictionless. There are no 
stuffing boxes. Suitable for all pres- 
sures up to 1500 psi. 


The Yarway Indicator is moderately 
priced and easily installed on new or 
existing equipment. (See diagram.) 
Over 2000 already in use . . . to indi- 
cate boiler and feed heater water 
level, also superheater pressure dif- 
ferential. For complete description, 


ask for Bulletin WG-1820 


YARNALL-WARING COMPANY, 101 Mermaid Ave., Phila. 18, Pa. 


oe beiienls ligkeod ay 


How the Yarway Remote 


Liquid Level Indicator is 
installed. 








YAR WAY REMOTE 


LIQUID LEVEL 


INDICATOR 
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ternating current of the desired frequency. 
Although the amount of energy available 
for any one wind turbine may vary from 
hour to hour, the frequency of the energy 
will not. 

Among the areas in which it would ap- 
pear feasible to install wind turbines are 
the great wind-belt which extends from the 
Dakotas southward to Texas, and perhaps 
on islands located within trade wind belts. 
The report stresses the fact that the opera- 
tion of wind turbines for utility purposes 
would be as an auxiliary source of power, 
but that it appears feasible as a source of 
energy in areas in which fuel supplies are 
sparse and hydroelectric energy is avail- 
able to serve as a “‘storage battery”’ during 
periods when wind velocities are in- 
sufficient. 


Under-Channel Oil Line 


How American productive capacity and 
technical know-how aided the British 
government in the laying of twenty 3-in. 
oil pipe lines under the English Channel to 
supply Allied armies with oil soon after 
they landed on the Normandy coast, has 
been revealed here by engineers of General 
Electric, one of four American concerns 
that produced sizable quantities of the 
pipe involved. 

The project of piping oil under the Chan- 
nel to supply an Allied fighting machine 
doing battle on another continent was con- 


ceived by Lord Louis Mountbatten in 
April, 1942. Since then, the lines have 
carried an average of a million gallons a 
day, it was revealed in a report from Geof- 
frey Lloyd, Minister of the British Pe- 
troleum Warfare Department. 

To American industrial plants which 
were given the momentous job of adding 
their great productive capacity to that of 
Britain, the project presented difficulties 
never before encountered. Average cables 
previously manufactured had an internal 
pressure of from 10 to 15 psi; the new 
line demanded pipes that could withstand 
pressures 1200 psi. 

General Electric was given a contract to 
manufacture 20 miles of the new pipe line 
on March 3, 1944, and got into production 
on the project on June 1. Twelve days 
later the first shipment was ready to be 
sent overseas for installation. With more 
than 25,000 ft of the pipe included in 
each shipment, G.E. produced four ship- 
ments of the pipe. The last of these con- 
tracted for was completed on July 17 in 
only 10 days time, an average of more than 
3000 ft per day. 

Because the undersea pipe line was de- 
signed to withstand tremendous internal 
pressures, new methods of manufacture 
had to be set up on a moment’s notice. 
A. C. Hartley, British engineer, who was 
instrumental in drawing up the original 
plans, came to America to collaborate 
with engineers here in reconverting their 
plants and retraining their technicians. 





MAN 
BEATS 


A SQUAD! 


IN STOCKPILING AND 
RECLAIMING YOUR COAL 


WITH A 


SAUERMAN 


POWER SCRAPER 
SYSTEM 





r 
to 


Above is a small Sauerman Scraper System handling 
a stockpile at a power plant serving two textile mills. 
With this simple installation, one man is able to 
stock out a large train-load of coal in a few days’ time 
and then reclaim at regular intervals whatever ton- 
nage the plant requires. This Sauerman unit has 
operated steadily for 14 years—never has demanded 
much attention or repairs—will continue to give the 
same dependable service for many years to come. 


Your coal handling cannot be blocked by the manpower shortage if you use 
the Sauerman System. Requires only one man in place of many. Storing, 


stockpiling, reclaiming done more easily—in fastest time. 


self! Here’s what you gain: 


Soon pays for it- 


Maximum tonnage stored evenly in all available space; 
2) Costs only a few cents per ton to handle; 
3) Eliminates excessive dust and dirt; 
4) Stocks in layers—no air pockets for spontaneous combustion; 
S) Easy, comfortable, one-man operation; 
6) Low first cost and minimum use of critical materials; 
7) Simple and economical to maintain. 
Send for Sauerman Catalog and see for yourself! 
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BOOK REVIEWS 


Building Insulation—2nd Edi. 
tion 


By Paul Dunham Close, B.S. 


Here is a book to serve as a reference 
volume for those interested in the subject 
of heat and sound insulation for buildings, 
In this new edition an effort has been 
made to cover the subject in such a manner 
that it will be useful and of practical value 
to the architect or engineer, to the dealer, 
and to the consumer who may be contem- 
plating the construction of a new house or 
the remodeling of an old one. A sincere 
effort has been made to avoid discrimina- 
tion, to treat all products fairly and with- 
out bias and to state the facts as they are 
known. 

The author is chairman of the A.S.- 
H.V.E. Technical Advisory Committee on 
Heat Requirements of Buildings and for 
years has served as a member of the Pub- 
lication Committee. We know of no one 
better qualified to compile such a treatise 
on the principles and application of heat 
and sound insulation. 

The book contains 328 pages and in- 
cludes 54 tables and 154 excellent illustra- 
tions and charts. It is fully indexed and 
bound in stiff washable cloth covers. 
Size 51/, & 8'/,. Price $3.50. 
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Heating, Ventilating and Air 
Conditioning Guide—1945 


American Society of Heating and 
Ventilating Engineers 


The 23rd Edition of the Guide published 
by the American Society of Heating and 
Ventilating Engineers contains 48 chapters 
of technical data and information pertain- 
ing to all phases of heating, cooling, ven- 
tilating and air conditioning. The chapter 
on Heating Boilers has been revised to 
include present accepted rating practice 
and includes clarified definitions of the 
various terms referring to heating load. 

The new volume includes 808 pages of 
technical data; 344 pages of equipment 
data, and the Roll of Membership of the 
Society. The book retains its familiar size 
(6 X 9) and is bound in blue covers. Price 


$5.00. 





























Manual of Instructions on 
Proper Firing Methods 


Smoke Prevention Association of 
America, Inc. 


This 72-page typescript manual com- 
prises papers given before the Smoke Pre- 
vention Association of America, and is 
published for the benefit of the coal dealer 
and the coal consumer. Some of the topics 
covered include: Fuel Conservation; 
Furnace Turbulence; Fuel Oil and Its 
Combustion; Furnace Dimension Charts 
for Underfeed Stoker Installations. 

The Manual is distributed on a compli- 
mentary basis to coal dealers and con- 
sumers who are interested in fuel conser- 
vation and smoke abatement. Copies may 
be secured on request when accompanied 
by postage (25 cents each) to cover the 
cost of mailing. 
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80,000 1b./br. Deaerator in Open 600,000 lb. /br. Deaerator in Power Plant 


Hearth plant, showing provision 
for a second Deaerator on the storage 
tank. Also shown is Cochrane 
Multiport Relief Valve. 














Flash Tank o Con- 
STEEL MILLS 


J, FONTANA « CALIFORNIA 
h 





e great modern steel plant designed and erected by the 

Kaiser Company, Inc. at Fontana, California has a power 

plant in keeping with its other ultra modern equipment. 

Noteworthy is the Cochrane 600,000 lbs./hr. Deaerator 

mounted on a horizontal cylindrical storage tank, delivering 

oxygen-free feed water to the boilers, which generate the 

steam supply for Coke Ovens, Blast Furnace, Open Hearth 

and Rolling Mills. Another Cochrane Deaerator of 80,000 

Ibs./hr. capacity is located in the basement of the Open 

Hearth plant supplying oxygen-free make-up to the boiler, 

in which is used the waste heat from the Open Hearth 

; furnaces. This deaerator is mounted on a horizontal cylin- 

View looking up at Arical storage tank, which has provision for mounting a 

im Storage Tank of Deaer-@ second deaerator of equal size. A Cochrane Continuous 
im ator in Open Hearth i , ; ‘ 

plant. Boiler feed pumps 4 Blow-off System serving 3 boilers is also installed in the 

at left. Power Plant. 








COCHRANE CORPORATION 


ai A DIVISION OF AMERICAN ENGINEERING tnd 


agit 











DEAERATING SOFTENERS - DEAERATORS + METERS + STEAM SPECIALTIES 





SOFTENERS 





COMBUSTION—dune 1945 





General and Classified Index 


*. 


COMBUSTION, Volume Sixteen, July 1944 through June 1945 


EDITORIALS— 

PAGE 
SE TE a a Er Dec. 1944 33 
Ban on Conventions, The...................++++++-+-Feb, 1945 33 
ee eer Oct. 1944 33 
Close Collaboration Needed..................+......-Nov. 1944 37 
ee Oe ee June 1945 35 
Coal Supply Again Threatened...................05. Mar. 1945 39 
Designing for Wide Range in Coal Characteristics. .... ./ Aug. 1944 29 
Easement of Power Restrictions.................-+5- Sept. 1944 37 
II S655 oss oko KG ORGS kos be be wae July 1944 31 
NE a =, Sr ene Apr. 1945 33 
Engineering Programs.......................+.-...-Apr. 1945 33 
Free Enterprise vs. Regimentation..................-4 Aug. 1944 29 
Influence of American Engineering Practice Abroad....Aug. 1944 29 
NN i iia wlaic obtains mao Jan. 1945 31 
Marine Demands for Oil... .............0cceceeeuees July 1944 31 
ff RES eee errr nse May 1945 33 
New Installations Get Approval...................5. June 1945 35 
Package-Type Power Plants.................cececee: Oct. 1944 33 
Post-War Materials... ........00csccscccccccccccess» Ome 1045 35 
no EE EE Te Mar. 1945 39 
Safety Movement Deep Rooted..................000. Oct. 1944 33 
Seventh War Loan, The......................-. ..May 1945 33 
Six-Year Report on Electric Utilities. . : .Nov. 1944 37 
Source of Black Iron Oxide and Hydrogen i in | Boiler 

Nv AINE on inne ieee Sept. 1944 37 
Statistical Data to Be Resumed......................duly 1944 31 
I PID os. 5s a acs Gan sO hin Gath ase demeaol May 1945 33 
nt ee ee Sept. 1944 37 
Surpios Power Equipment. ........6.0.cceccsccscevcs Oct. 1944 33 
RIND SON PO tise sis cd oa hie kn deo nenessdur Nov. 1944 37 
Trends in Energy Demand..................ceeceec: Dec. 1944 33 
oS SEE ae rn een + See Dec. 1944 33 
War’s Toll of Power Plants............ — ..Feb. 1945 33 
“War Time” Still Warranted.......................0d Apr. 1945 33 
ARTICLES— 

Air-Cooled Steam Condensers, A.S.M.E. Annual Meet- 

NN.) Ee Way ae PIO. 6 oiv'x-4.0 +s was verncwe Sacco Dec. 1944 41 

NE NN vig oe dic Sus eee Nov. 1944 55 
M.E. Annual Meeting—Future Trends in Fuels; 

"Dust Collection; Boiler Feedwater Studies; External 

Corrosion of Furnace-Wall Tubes; Measurement of 

Heat Absorption; Post-War Power Problems; 10,000- 

Kw Power Trains, Air-Cooled Steam Condensers; 

Graphitization of Steel Piping; Plate Sizes in Fabri- 

cating Pressure Vessels; Education and Apprenticeship; 

Engineers of I ovis a cavesuc us cenucancwee Dec. 1944 34 
A.S.M.E., Fuel Problems Diseussed by—Coal Selection; 

Increasing Uses of Small Anthracite Sizes; Factors 

Affecting Thickness of Slag on Furnace Wall Tubes; 

EE LEE OO. July 1944 40 
A.S.M.E. Annual Meeting PN ss inkkkvwcascankun Nov. 1944 63 
Balance of Radiation in Employing Optical Pyrometry. 

| ania ee Aug. 1944 49 
Boiler Feedwater Studies, A.S.M.E. Annual teens: 

By F. G. Straub and H. A. Grabowski. . .Dec. 1944 36 
Boiler Inapectors SR Beh Aine Being Oc ha .June 1945 53 
Boiler Operation at High Altitude. . -Apr. 1945 45 
British Grid in War Time, The..................... 4 Apr. 1945 37 
Brooklyn Navy Yard’s New Power Plant. By William 

NN hess ich on cht ee ik einai aie ic eet is xa Sa Feb. 1945 34 
Causes and Prevention of Overheated Grates. By 

NUON TA WUE coi os wocas Wh ona ey sha Chee ae Apr. 1945 39 
Changes to Wood-Burning Furnace Doubled Steam 

Output. By Charles Mellor......................) ov. 1944 53 
Chesterfield Power Station, Virginia Electric and Power 

Company. By F. H. Spies OR AE Nov. 1944 38 
Coal Samplings Discussed at Joint Fuels Meeting...... Nov. 1944 57 
Coal Segregation—Fuel Problems Discussed by A.S.M.E. 

fe ee anna July 1944 41 
Coal Selection—Fuel Problems Discussed by A.S.M.E. 

Bee Oe NN i an wacle oink sint ww kinesin ea kee July 1944 40 
Coal Sizing Recommendations.....................0- Jan. 1945 35 
Combustion Calculations by Graphical Methods—Re- 

Gnory Ges. By A. Uy. BGGIRL...... 65 iccccescavcevccd Aug. 1944 43 
Compressibility F 2 for Superheat Steam. ByG. A. 

SERS BI ds 1. OW... «.- <.0.0.0.0 6 4,0.0102:9.0 6 000% Nov. 1944 46 
Control and Economics of Boiler Blowdown. By Wil- 

PE i ONES 65s ois ne en-0s cs da vewados ere ct. 1944 34 
“Controlled” Forced Circulation..................... Jan. 1945 34 


62 


steam T 
Swiss Develo 





| 
What 








urbit 


10,000-Kw, P 
By E dwin 
Thermoc soup! 
Measurem 
Tilting Burne 
By kb. 

Treatment of 
R. I all. 
Uncommon I 
A. Selv 
» “Power ] 
I Use of Jets 1 
Firing. 

About 
X-Ray Difft 
Control T 









AUTHORS 


’ Agnew, J. 
: Ae ‘actors fo 
Armour, J. 
Barkley, J. 

Small An 


Berk, ALA 
Systems l 
Biggs, L. | 
Trams, : 
Blum, F. | 
Crane E 
Bowman, 
Annual 
Bumgardn 
al C'ionne 
Burkhardt 
Campbell, 
Chang, P: 
Christie, 
Turbine 
Clark, F. 
of Steatr 
Cohen, P 
of Slag 
Meetin 
Corey, F 
Rese 
Estima 
Low 
What 2 
Corey, | 
Corros 
Meeti: 
Cross, E 
Corros 
Meeti 
Dawson 
Mater 
Field, J: 
Fieldne: 
genatt 





Pace 
Determining Amounts of Contaminated Material Enter- 

ing Boilers. By B.C. Sprague............secceces July 1944 4 

~— Collection, A.S.M. E. Annual Meeting. By Louis 
SR xc Whitexonilbnes oa saw nuiaean ies Dec. 1944 
E sdue ation and Apprenticeship, A.S.M.E. Annual 

oa aa a a ne ees fai Oe lad Dec. 1944 43 
Electric Boilers in the Northwest................000:- May 1945 3g 
Elevation of Dewpoint by Catalytic Action. By J. F. 

EL ae ae ei ean AP Ree yee: Sept. 1944 
Engineers of Tomorrow, A.S.M.E. Annual Meeting 

ge 8 rer ec. 1944 
Estimating Temperatures Causing Damage to Plain 

Low-Carbon Steel Tubes. By R. C. Corey......... ar. 1945 
External Corrosion of Furnace-Wall Tubes, A.S.M.E. 

Annual Meeting. By W. T. Reid, B. J. Cross and 

ie eh NN re taile kc lod otk a sendlere Rua erualenatee eed ian Dec. 1944 37 
Factors Affecting the Economic Selection of Steam- 

Generating Equipment. By Frank 8. Clark......... June 1945 4 
Factors Affecting Thickness of Slag on Furnace Wall 

Tubes—Fuel Problems Discussed by A.S.M.E. Vv 

Pe EO rr eer eee July 1944 42 
Feedwater Treatment for Sg Pressure Boilers at Dow 

Chemical Company. By L. F. Wirth and C. E. Joos. . Dec. 1944 
Flow of Coal in Chutes at Riverside Station. By E. F. 

Wolf and H. L. von Hohenleiten .................. May 1945 4 
Fuel Problems Discussed by A.S.M.E.—Coal Selection; 

Increasing Uses of Small Anthracite Sizes; Coal Segre- 

gation; Factors Affecting Thickness of Slag on Furnace 

I ha ies and vie Gln in & dike aa eae hho oak Se July 1944 40 
Fuel Selection the Basis for Boiler Plant Design....... Feb. 1945 49 
Future Possibilities of Steam Power. By J. F. Field...Sept. 1944 48 
Future Trends in Fuels, A.S.M.E. Annual Meeting..... Dec. 1944 34 
Gas Turbine in Aviation, The. By C. D. Flagle and 

ss ive inca vbn ba cis cake ves Pode Kea June 1945 47 
Gibbs and Helmholtz Functions for Compressed Liquid 

Water. By James H. Poteer.....ccccccccovccccccs Mar. 1945 50 
Graphitization of Steel Piping, A.S.M.E. Annual Meet- 

Riasinnisc Geena hiatal mua re ale ie ke aces, ea Dec. 1944 42 
Guide for Checking Fuel Waste...................-.- Aug. 1944 62 
Heat-Flux Pattern in Fin Tubes Under Radiation. By 

A. R. Mumford and E. M. Powell............sc000. Feb. 1945 41 
Hydrogenation and ienaien of Coal and Lignite 

By A. C. Fieldner, H. H. Storch and L. L. Hirst..... "Oct. 1944 51 
Increasing Uses of Small Anthracite Sizes—Fuel Prob- 

lems Discussed by A.S.M.E. By J. F. Barkley and 

Io dod ek Waa d bie emaeae Meee July 1944 40 
Influence of Inclination of Welds to Direction of Stress.. Mar. 1945 45 
Measurement of Boiler Circulation by Means of Pitot 

es TT Ee ic k.vkcccesv anes tasacecsapead Oct. 1944 43 
Measurement of Heat Absorption, A.S.M.E. Annual 

DK ocksckinnsdvcund es cueeeahne aes cee ee cae Dec. 1944 38 
Measures for Combating the Coal Shortage............ Feb. 1945 47 
Mobile Power Plants for Service Abroad.............. July 1944 32 
More About the British Grid in War Time............May 1945 49 
New Method of Measuring Fluid Flow Applicable to 

Heat-Transfer Studies. By Alexander Kolin........ Apr. 1945 47 
147,000-Kw Unit at Fisk Station of Commonwealth 

NN SIN ois a exes cian Sake ha Knee eR EA Sept. 1944 38 
Plate Sizes in Fabricating Pressure Vessels, A.S.M.E. 

Annual Meeting. By Dr. W. G. Theisinger......... Dec. 1944 43 
Port Washington Performance for 1944............... Jan. 1945 32 
Post-War Power Problems, A.S.M.E. Annual Meeting. .Dec. 1944 38 
Power for Cement Plantsin China. By Paul H. Chang.Apr. 1945 43 
Practical Aspects of Boiler Feed Pump Material Se- 

eee. TF Bn Ox Ss cobs ckk bans enrececuneces Oct. 1944 39 
Prevention of Corrosion in Steam-Heating Systems by 

Cyclohexylamine. By A. A. Berk................. Aug. 1944 51 
Progress in Steam Engineering. By C. B. Campbell...Nov. 1944 49 
Properties of Pure Boiler Feedwater.................. Feb. 1945 45 
Propulsion Machinery. By J. E. Burkhardt.......... Dec. 1944 49 
Puerto Nuevo Power Plant in Buenos Aires. By L 

Oe err rer ere ee ere ug. 1944 30 
Qualitative Determinations of Steam-Water Mixtures. 

y T. Ravese and C. G. R. Humphreys............. Jan. 1945 37 
Selection of Traveling Crane Equipment. By R. J. : 

ee fe eee rear eee Jan. 1945 46 
Silica Deposition in Steam Turbines. By F. G. Straub 

EE Fe a IRS ois viviokic bc rekiedeckvsvoumenen Jan. 1945 41 
Smoke-Dust Density Measurement at Conners Creek 

Power House. By H. E. Bumgardner.. ....May 1945 34 
Smoke Prevention With Stoker Firing. ‘By J . we . 

Te ee eee er er ey Sept. 1944 55 
Some Factors in Design of Pulverized Coal Furnaces...Mar. 1945 40 
Some Notes on Boiler Baffling....................0-- Oct. 1944 47 
Standards for Large 3600-Rpm Steam Turbine Gene- 

UDR. “TE a Ts I in canescens sencenencd Apr. 1945 34 


June 19455—C OMBUSTION 


Gibson 
in Ce 
Godsey 
in A 
Grabor 
St 
Silic 
Hall, | 
400 
Harlo' 
Acti 
Hawk 
tors 
Hirst, 
gen 
Humy 
our 
Hum 
mir 
Jako 
Py 
Joos, 
Hi 
Kolir 
Ar 





co 











; PAGE 


Mar. 1945 


| lurbine-Driven Locomotive 
~ “ Oct. 1944 


| Swiss Development of the Gas Turbine for Power... 
10,000-Kw_ Power Trains, A.S.M.E. Annual Meeting. 
By Edwin Lundgren and L. R. Biggs... 
) Thermocouples for F urnace-Tube Surface Temper: ature 
Measurements. By C. G. R. Humphreys..... ; 
/ Tilting Burners Provide Flexible Furnace Performance. 
By b. M. Powell.. 


Dec. 1944 


Dec. 1944 


June 1945 


Treatment of Waters for Pri essures . Above 4100 Psi. By 
R, EB. Hall... .cccvcvcccves aT Aug. 1944 

scuna Elements in Coal. By F. H. Gibson and 
W. A. Selvig.. Oct. 1944 


Unit Power Plants for E xport. ‘By Che aries A. Muessel. . June 1945 


Use of Jets to Produce Turbulence in Lome -Stoker 


Firing. By H. G. Meissner and M. . Funk Sept. 1944 
What About Copper in Boilers? By R . Corey . June 1945 
X-Ray Diffraction—A New Industrial Research and 

Control Technique. By R. C. Corey......... .July 1944 
AUTHORS— 

Agnew, J. T., and G. A. Hawkins—Compressibility _ 

Factors for Superheated Steam. Nov. 1944 

Armour, J. W.—Smoke Preve ntion With Stoker F iring. .Sept. 1944 


Barkley, J. F. 


Small Anthracite Sizes, 


and William Seymour—Jncreasing l'se of 
A.S.M.E. Semi-Annual Meet- 


OE citeti nena dinmenee wen July 1944 
Berk, A. ie ~Preve ention of Corrosion in Steam-Heating 

Systems by Cyclohexylamine...... ; Aug. 1944 
Biggs, L. R. and Edwin Lundgren 10,000-Kw Power 

Trains, A.\S.M.E. Annual Meeting Dec. 1944 
Blum, F. M. and R. J. Wadd—Selection of Traveling 

Crane Equipment Jan. 1945 
Bowman, R. A.—Aitr-Cooled Steam Condensers, A.S.M.E. 

Annual Meeting............. avewbia sees Laan 
Bumgardner, H. E.—Smoke-Dust De neity Measure ment 

at Conners Creek Power House. ; ; May 1945 
Burkhardt, J. E.—Propulsion Machinery . Dee. 1944 
Campbell, C. B.—Progress in Steam Engineering. . .Nov. 1944 
Chang, Paul H.—Power for Cement Plants in China Apr. 1945 
Christie, A. G.—Standards for Large 3600-Rpm Steam 

Turbine Generators. ‘<cCSeRitebaee eee e een ean ee Apr. 1945 
Clark, F. S.—F actors Affec ting the Economic Selection 

of Steam-Generating Equipment. June 1945 
Cohen, P. and W. T. Reid—Factors Affecting Thickness 

of Slag on Furnace Wall Tubes, A.S.M.E. Semi-Annual 

Pit itcdéaus ay deweaa . , July 1944 
Corey, R. C.—X- Ray Diffraction A New Industrial 


Re search and Control Tochnique. 

Estimating Temperatures Causing Damage to Plain 
Low-Carbon Steel Tubes...... nets ies 

What About Copper in Boilers? . . 


July 1944 


Mar. 1945 
June 1945 


Corey, R. C., B. J. Cross and W. T. Reid—Ezternal 

Corrosion of Furnace-Wall Tubes, A.S.M.E. Annual 

Pd .0t' ea ancien ees ; vate Dec. 1944 
Cross, B. J., R. C. Cc orey and W. T. Reid— External 

Corrosion of Furnace-Wall Tubes, A.S.M.E, Annual 

Meeting. . . Dec. 1944 
Dawson, L. J. — Practical Aspects of Boiler Feed Pump 

Material Selection...........0.cccecuccecess .Oct. 1944 


Field, James F.—F uture Possibilities +. Steam Power “Sept. 1944 
Fieldner, A. C., H. H. Storch and L. L. Hirst—Hydro- 
genation and Liquefaction of Coal ee ‘Lign ech cals 
Flagle, C. D., and F. W. Godsey, Jr.—The Gas Turbine 

free June 1945 
Funk, M.O., and H. G. Meissner— Use of J Jets to Produce 


Oct. 1944 


Turbulence in Spreader-Stoker Firing. a eélatacdaae Sept. 1944 
Gibson, F. H., and W. A. Selvig—Uncommon Elements 

a Re a ee ne ae nce” Cone RE ey eee ee Oct. 1944 
Godsey, Jr., F. W., and C. D. Flagle—The Gas Turbine 

in y Aha .June 1945 


Boiler Feedwater 
. Dee. 1944 
.Jan. 1945 


Grabowski, H. A., ” ‘and F. G. Straub 
Studies, A.S.M.E. Annual Meeting. . 


Silica Deposition in Steam Turbines..... 


Hall, R. sallehtemenean of Waters for Pressures Above 

yn silica xy se ita tee ai TRY Aug. 1944 
Harlow, W. 'F —Elevation of Dew point by Catalytic 

Action. . EEE near ge ene ny ee Sept. 1944 


Hawkins, G. ys end J. “T. Agnew—C ‘ompressibility Fac- 
tors for Superheated Steam.. 
Hirst, L. L., A. C. Fieldner and H. H. Store sh- ~Hydro- 
genation and Liquefaction of Coal and Lignite........ Oct. 1944 
Humphreys, C.G. R.—Thermocouples for Furnace-T ube 
Surface Temperature Measurements............-.++:. Dec. 1944 
Humphreys, C. G. R., and T, Ravese—Qualitative Deter- 
minations of Steam-Water Miztures. . 
Jakob, Max—Balance of Radiation in Employing Optical 
Tit 4 eh ASOT TR A IRAE Aug. 1944 
Joos, C. E. and L. F. Wirth—Feedwater Treatment for 


.Nov. 1944 


Jan. 1945 


High-Pressure Boilers at Dow Chemical Company... ..Dec. 1944 
Kolin, Alexander—New Method of srossuring Fluid F low 
Applicable to Heat Transfer Studies. . Bras tedaliicetn eee Apr. 1945 


COMBUSTION—dune 1945 


53 
41 


40 
53 


36 


46 


00 


53 
47 


36 


53 
37 
49 
45 


47 


Pacs 
Le Paige, L.— Puerto Nuevo Power Plant in Buenos Aires. Aug. 1944 30 
Lundgren, Edwin, and L. R. Biggs—10,000-Kw Power 
Trains, A.S.M.E. Annual Meeting................. ec. 1944 40 
Meissner, H.G., and M.O. Funk—Use of Jets to Produce 
Turbulence in Spreader-Stoker Firing. Sept. 1944 42 
Mellor, C.—Changes to Wood-Burning Purnace Doubled 
Steam Output. . Nov. 1944 53 
Muessel, Charles A —Unit Power Plant: for E cport June 1945 51 
Mumford, A. R., and E. M. Powell—Heat-Flux Pattern 
in Fin Tubes Under Radiation . ... Feb. 1945 41 
Nicolai, A. L.—Combustion Calculations by Graphical 
Methods—Refinery Gas.......... 60. cece nce Aug. 1944 43 
Nieland, William L.—Control and Economics dad Boiler 
Blowdown. ; beumelwawes Oct. 1944 34 
Payne, E. C. Coal ‘Selection, A.S.M.E. Semi- Annual 
PO cuvccdcuwadeweeewtaes July 1944 40 
Potter, James H.—The Gibbs and Helmholtz Functions for 
C a. WF IPN KR 5 08 Ke baé ddd cveerecid ...Mar. 1945 50 
Powell, E. M.—Tilting Burners Prov ide Flexible Furnace 
Pe *irmanse inedde Cubumehivawetsasde seater June 1945 36 
Powell, E. M., and - R. Mumford —Heat- Flux Pattern 
in Pin Tubes Under Radiation Feb. 1945 41 
Ravese, T.— Measurement of Boiler C irculation by Means 
of Pitot Tubes..... Oct. 1944 43 
Ravese, T. and C R. Humphreys ~Qualitative De- 
terminations of Steam-W. ater Miztures..... Jan. 1945 37 
Reid, W. T. and P. Cohen—Factors A ffecting Thickness 
of Slag on Furnace Wall Tubes, A.S.M.E. Semi-Annual 
Ss ca ceudwanlee ws eas July 1944 42 
Reid, W.T., R. C. Corey and B. ‘J. Cross— External Cor- 
rosion of Furnace-Wall Tubes, A.S.M.E. Annual 
DO veberacenawes . Dec. 1944 37 
Selvig, W.A., and F. H. Gibeon- Uncommon Elements 
SCs ke keen sciadeks Sa ae a a Oct. 1944 53 
Seymour, William, and J. F. Barkley Increasing Use of 
Small Anthracite Sizes, A.S.M.E. Semi-Annual Meet- 
a: , BE eee ; ae July 1944 40 
Spies, H.—Chesterfield Power Station, Virginia Elec- 
tric aa Power Company... . . Nov. 1944 38 
Sprague, B. C ~ Determining Amounts of ( ‘ontaminated 
Material Ente ring Boilers..... July 1944 45 
Stock, Arthur J.—Coal Segregation, \.S.M.E. Semi- 
Annual 7 a wexeaaus ....-Jduly 1944 41 
Storch, H. H., Fieldner and m L. Hirst- —Hydro- 
genation and L heP - a of Coal and Lignite . .. Oct. 1944 51 
Straub, F.G., and H. A. Grabowski—Boiler Peedwater 
Studies, A.S.M.E. Annual Meeting. . Dec. 1944 36 
Silica Deposition in Steam Turbines....... Jan. 1945 41 
Theisinger, W. G.—Plate Sizes in Fabric ating Pressure 
Vessels, A.S.M.E. Annual FER biveacdeuewes Dee. 1944 43 
von Hohenleiten, H. L., and E. F. Wolf—Flow of Coal 
in Chutes at Riverside Station.................. May 1945 42 
Wadd, R.J., and F. M. Blum —Selection of Traveling 
Crane Equipme Ditnddeceudds tines aunceeeewednueames Jan. 1945 45 
Welsh, William H. —Brooklyn Navy Yard’s New Power 
DE che ibe ces caueneaenadcd dcacedvusadeanewee Feb. 1945 34 
Whiton, Louis C.—Dust Collection, A.S.M.E. Annual 
Nt cc ce tudes eddeedebies Reucecurvuereueun Dec. 1944 35 
Wirth, L. F., and C. E. Joos—Feedwater Treatment for 
High-Pressure Boilers at Dow Chemical Company. ...Dec. 1944 45 
Wolf, E. F., and H. L. von Hohenleiten—Flow of Coal in 
Chutes at Riverside Station . nied centacdee neater May 1945 42 
Wood, Walter H.—Causes and Prevention of Overheated 
GS nc weanscdasdvadcdeonesecesbaucecuctaes‘uaea Apr. 1945 39 
REVIEW OF NEW BOOKS— 
A.S.T.M. Standards—1944. Issued by the American 
Society for Testing Materials...........sccccccees: Dec. 1944 58 
A.S.T.M. Standards on Coal and Coke. Issued by the 
American Society for Testing Materials............. Oct. 1944 55 
Building Insulation—2nd Edition. By Paul Dunham 
Close. . Ok rao’ all Bn Gate otis Ge eek RE June 1945 56 
Centrifugal Pumps and Blowers. By Austin H. Church. Aug. 1944 55 
Chemical Engineering Thermodynamics. By Barnett 
iy RA cncvbesmahedcaeed ooewewene sed eadneenes Oct. 1944 55 
Coals of Alberta—Their Occurrence, Analysis and 
Utilization. By Edgar Stansfield and W. Albert 
Rs cctacas vc db cewek vecede séequnccaeedacenaees Dec. 1944 58 
Electric Power Distribution for Industrial Plants. 
Issued by The American Institute of Electrical 
TESTE CC ee ETT TTT TE Feb. 1945 55 
Engineering — Annual, Engineering Production 
Annual. Edited by H. H. Jackson, A.F.R.Ae.S 
Ris dcaccdsvdcanevddcckebsceeudcstencenuace ‘A ug. 1944 55 
Engineering Papers—Fourth Annual Contest. Spon- 
sored by Hydraulic Institute..............6.eeeeee: Oct. 1944 55 
Heating Ventilating and Air Conditioning Guide—1945. 
Issued by the American Society of Heating and Venti- 
ee IIS sk ccewsce snp unssvnmescscnbeode June 1945 56 
Laying Out for Boiler Makers and Plate Fabricators— 
5th Edition. Revised by George M. Davis......... Aug. 1944 55 
63 








Manual of Instructions on Proper Firing Methods 
1944 Issued by The Smoke Prevention Association of 
I BR iin hs ce sine nis oo SOS RS ORE aA ee 

Manual of Instructions on Proper Firing Methods—1945 
Issued by the Smoke Prevention Association of America, 
Bie oe citien ge 


Methods of Advanced Calesben. 


Oct. 1944 


June 1945 


By ‘Philip Franklin, 


NI cei tis caste aaa Be ae tae da ree ia Dec. 1944 
Modern Gas Turbine, The. By R. Tom Sawyer, B. 

of E.E., M.E. se Feb. 1945 
Proceedings of the 38th Aeneas al Mesting— Amoke Abate- 

ment Association of America..................05: Nov. 1944 
Questions and Answers for Marine Engineers—2nd 

Edition. Compiled by Captain H. C. Dinger, U.S.N. 

OSS aS aoa CE aR nea aan ory ee Aug. 1944 
Results of Publicly-Owned Electric Systems—1944. 

By Burns & McDonnell Engineering Company......Aug. 1944 
Rules for Fusion Welding Piping in Marine Construc- 

NR kn ae eee cig a cate oe ei cacekaae Re Se .. Oct. 1944 
Seamless Steel Tube Data. Compiled by Seamless Steel 

Tube Institute. . Sia Ie cave Aids ae ark ee ea te oes .. Oct. 1944 
Second Mile—A Doone: The. By W. E. Wickenden. Aug. 1944 
Steam Boiler Yearbook and ts The. Edited 

by Sidney D. Scorer, A.M.I., Mech.E., M.I. Mar.E..Feb. 1945 


Technologists’ Stake in The Wagner Act. By M. E. 

Mclver, H. A. Wagner and M. P. McGirr........... Nov. 1944 
Thermodynamic Charts—Second Edition. ~~ Frank 

O. Ellenwood and Charles O. Mackey....... . Nov. 1944 
CLASSIFIED INDEX— 
Boilers 
Boiler Operation at High Altitude. . para ....Apr. 1945 
Control and Economics of Boiler ‘Biewdoos.. By 

USANA ESE NIINE 55 Ste ss exis beans 4 ps weve oA RS Oct. 1944 
“Controlled’”’ Forced Circulation..................... Jan. 1945 
Electric Boilers in the Northwest................ .May 1945 


Factors Affecting the Economic Selection of Steam-Gener- 
ating Equipment. By Frank S. Clark .June 1945 


Influence of Inclination of Welds to Direction of Stress Mar. 1945 


Measurement of Boiler Circulation by Means of Pitot 
SOR. TG Bc AND oki nn kno cee ess oak Sade Sees 


New Method of Measuring Fluid Flow Application to 


Oct. 1944 


Heat Transfer Studies. By Alexander Kolin......../ Apr. 1945 
Plate Sizes in Fabricating Pressure Vessels, A.S.M.E. 

EINE ooo a Soins clon ca mise eae Oa Dec. 1944 
Some Notes on Boiler Baffling..................... Oct. 1944 
10,000-Kw Power Trains. By Edwin Lundgren and 

L. R. Biggs, A.S.M.E. Annual Meeting............. Dec. 1944 


Tilting Burners Provide Flexible Furnace Performance. 
By E. M. Powell... Rta June 1945 


What About Copper in . Boilers? By R. C. Corey. ..... June 1945 
Coal and Ash Handling Systems 
Flow of Coe! in Chutes at Riverside Station. By E. F. 

Wolf and H. L. von Hohenleiten................... May 1945 
Combustion 


Combustion Calculations by Graphical Methods—Re- 


finery and Oil Gas. By A. L. Nicolai..............2 Aug. 1944 
Feedwater and Boiler Water 
Boiler Feedwater Studies, A.S.M.E. Annual Meeting. ..Dec. 1944 
Control and Economics of Boiler Blowdown. By Wil- 

EAE By NE os kins wie 4k sic n Ok oo Re RE Oct. 1944 


Feedwater Treatment for ae Boilers at 
Dow Chemical Company. By L. F. Wirth and C. 
ee ee ee ee ee ee Dec. 1944 


Properties of Pure Boiler Feedwater.................. Feb. 1945 
Qualitative Determinations of Steam-Water Mixtures. 

By T. Ravese and C. G. R. Humphreys.............Jan. 1945 
Source of Black Iron Oxide and Hydrogen in Boiler 

Ee ane er emer ee RRS OER LRA Sept. 1944 
Treatment of Waters for Pressures Above 400 Psi. By 

SE EN hig 6.0 oh che S ORNL Eas ees SIG eee Aug. 1944 
Fuels 
Coal Sampling Discussed at Joint Fuels Meeting....... Nov. 1944 
Coal Sizing Recommendations..............00eee000: Jan. 1945 
64 


PAGE 


55 


34 
34 
39 


40 


43 
47 


48 
47 


40 


36 
43 


43 


36 


37 


37 


39 


57 





38 


47 
49 


48 
ot 


49 


43 


30 


Research 


External Co 

Reid, B. J 
Factors Aff 
Tubes. 1 


Heat-F lux I 
4. R. Mu 


Thermocou} 
Measurer 


Smoke Pr 


Dust Colle 
Louis C. 
Smoke-Dus 
Power H 
Smoke Pre 
Use of Jet 
Firing. 


Steam P, 


Compressi 
G. A. H 
Future Po 
Progress i 
Propulsiot 
Tilting Br 

By E. N 
Treatmen 

R. E. I 


Stokers 
Causes ¢& 

Walter 
Ignition ' 
Smoke P 


Use of J 
Firing. 


Turbin 


147,000- 
Ediso 
Progress 
Propulsi 
Silica D 
and H 


Standar 
tors. 


Steam 7 


Miscel 


A.S.M. 
A.S.M. 
Balane 
By h 
Boiler 
British 
Educat 
ing. 
Elevat 
Har] 
Estims 
Low 
Gas T 
L. V 
Gibbs 
Wat 
Graph 
Mee 
Meast 
Tul 
More 
Post- 
Preve 
( yi 
Selec 
Ws 
Two 
De 





Pacr 
Combustion Calculations by Graphical Methods— 

Refinery and Oil Gas. By A. L. Nicolai....... Aug. 1944 
Fuel Selection the Basis for Boiler Plant Design... . . Feb. 1945 
Future Trends in Fuels, A.S.M.E. Annual Meeting..... Dee. 1944 
Hydrogenation and Liquefaction of Coal and Lignite. 

By A. C. Fieldner, H. H. Storch and L. L. Hirst. . Oct. 1944 
Measures for Combating the Coal Shortage........ .Feb. 1945 
Middle East Oil Supply vs. Domestic Oil Policy... Jan. 1945 
Uncommon Elements in Coal. Bead F. H. Gibson and 

W. A. Selvig.. ers A eeeteeate kaa are ; Oct. 1944 
Furnaces 
Changes to Wood-Burning Furnace Doubled Steam 

Output. By Charles Mellor............... Nov. 1944 
External Corrosion of Furnace-Wall Tubes. By Ww. a: 

Reid, B. J. Cross and R. C. Corey, A.S.M.E. Annual 

a ORE er a eu ee Dee. 1944 
Heat-Flux Pattern in Fin Tubes Under Radiation. By 

A. R. Mumford and E. M. Powell........ Feb. 1945 
Measurement of Heat sevenenee A.S.M.E. Annual 

Ne ears Bs acasary six hs scab iecick ane Mie dralard acaios Dec. 1944 
New Method of Mossuine Fluid Flow Applicable to 

Heat Transfer Studies. By Alexander Kolin.. Apr. 1945 
Some Factors in Design of Pulverized Coal Wasneess. .Mar. 1945 
Thermocouples for Furnace-Tube Surface Temperature 

Measurements. By C. G. R. Humphreys...........Dee. 1944 
Tilting Burners Provide Flexible Furnace Performance. 

ee Sy nee June 1945 
General Practice, Developments and Trends 
Future Possibilities of Steam Power. By J. F. Field. .Sept. 1944 
Future Trends in Fuels, A.S.M.E. Annual Meeting..... Dec. 1944 
Progress in Steam Engineering. By C. B. Campbell... Nov. 1944 
Swiss Development of the Gas Turbine for Power. Oct. 1944 
Heat Recovery 
Early Air Preheaters for Stationary Boilers.... . . Nov. 1944 
Installations 
Brooklyn Navy Yard, New York, N. Y. 
Brooklyn Navy Yard's New Power Plant. By William 
NE Ss sins 5.51 = wo ace arate Mein Ret anads Alamein mio ‘eb. 1945 
Chesterfield Power Station, Virginia Electric and Power 
Company 
Chesterfield Power oi. Virginia Electric and Power 
Company. By F. H. Spies..... Nov. 1944 
Conners Creek Power ao Detroit, Mich. 
Smoke-Dust Density Measure ment at Conners Creek 
Power House. By H. E. Bumgardner...... May 1945 
Dow Chemical Company, Midland, Mich. 
Feedwater Treatment for High-Pressure Boilers at Dow 
Chemical Company. By L. F. Wirth and C. E. Joos. Dec. 1944 
Fisk Station, Commonwealth Edison Company, 
Chicago, IIl. 
147,000-Kw Unit at Fisk Station of Commonwealth 
Bdioon COmpGAe. . 0... ccc sscccvcss Sept. 1944 
Hwa Hsin Cement Company, Ltd., Kunming, China 

Power for Cement Plants in China. By Paul H. 

RNIN 6579 (wait picuteiat areas ks Apr. 1945 
Littlebrook Power Station, Kent E leat tric Power Com- 
pany, Ltd., England 

Littlebrook Power Station. Se asuee ee tat Mar. 1945 

Port Washington Station, Wi isconsin " Elect ric Power 
Company 
Port Washington Performance for 1944....... Jan. 1945 
Puerto Nuevo Power Plant, Compania Argentina de 
Electricidad (CADE), Buenos Aires, Argentina 
Puerto Nuevo Power Plant in Buenos Aires. By L. 
Bao ye eM ANS cae ERE Race . Aug. 1944 
Pumps 
Practical Aspects of Boiler Feed . Material 
Selection. By L. J. Dawson.. eres 
Marine Practice 
Future Trends in Fuels (Marine), A.S.M.E. Annual 

ENE ae Ser) eee Dec. 1944 

Propulsion Machinery. By J. E. Burkhardt........... Dec. 1944 


June 1945—COMBUSTION 


Unit 


co 











PAGE 


Research 
External Corrosion of Furnace-Wall Tubes. By W. T. 

Reid, B. J. Cross and R. C. Corey... ; Dec. 1944 
Factors Affecting Thickness of Slag on Furnace-Wall 

Tubes. By W. T. Reid and P. Cohen. July 1944 
Heat-Flux Pattern in Fin Tubes Under Radiation. By 

\. R. Mumford and E. M. Powell....... Feb. 1945 
Thermocouples for Furnace-Tube Surface Temperature 

Measurements. By C. G. R. Humphreys....... Dec. 1944 
Smoke Prevention and Cinder Collection 
Dust Collection, A.S.M.E. Annual Meeting. By 

RN raat aa kata tala at Reva craigs alia iat ies Dec. 1944 
Smoke-Dust Density Measurement at Conners Creek 

Power House. By H. E. Bumgardner....... tes . May 1945 


Smoke Prevention With Stoker Firing. Kauri’ "Sept. 1944 
Use of Jets to anaes Turbulence in Spreader-Stoker 


Firing. By I . Meissner and M. O. Funk. Sept. 1944 
Steam Pressures, Temperatures and Cycles 
Compressibility Factors for ana Steam. ~ 

G. A. Hawkins and J. T. Agnew.. , .Nov. 1944 
Future Possibilities of Steam Power. By J. F. F iek i . .Sept. 1944 
Progress in Steam Engineering. By C. B. Campbell Nov. 1944 


By J. E. Burkhardt.. 


hag | Burners Provide Flexible Furnace Paosfosmanes e. 
By E. M. Powell 


Treatment of Waters for Prossues phows 400 Psi. By 


Propulsion Machinery. . Dec. 1944 


June 1945 


ee ee ae Aug. 1944 
Stokers 
Causes and Prevention of Overheated Grates. By 

WO WE CH oS GAN 6 art ewcDetvcdeGenivcsmaawed Apr. 1945 


Ignition Through Fuel Beds on Traveling Grate Stokers. Feb. 1945 
Smoke Prevention With Stoker Firing. . .Sept. 1944 


Use of Jets to bag Turbulence in Spreader- Stoker 


Firing. By I . Meissner and M. O. Funk. .Sept. 1944 


Turbine-Generators 


— 000-Kw Unit at Fisk Station of Commonwealth 

Edison Company. are “i Sept. 1944 
Progress in Steam E mae my C. B. Campbell. . . Nov. 1944 
Propulsion Machinery. By J. E. Burkhardt...... . Dec. 1944 
Silica Deposition in Steam Secor By F. G. Straub 

NE Tes Bs Ce ov vw bdo oc vcevnwed ancien: ...Jdan. 1945 
Standards for Large 3600-Rpm Steam Turbine-Genera- 

CO er ie Gs Ricco iva vn weevseeeuss us awad Apr. 1945 
Steam Turbine-Driven Locomotive........... .Mar. 1945 
Miscellaneous 
A.S3.M.E. Annual Meeting ...Dee. 1944 
A.S.M.E, Annual Meeting Program .. Nov. 1944 
Bal: “_ : of Radiation in Employing Optic al Py rometry. 

By Max Jakob. ? .Aug. 1944 


June 1945 
.Apr. 1945 
yp anen Meet- 
. Dec. 1944 


Boiler Inspectors Meet 
British Grid in War Time, The. . , 
Education and Apprenticeship, A.S.M. E. 


Elevation of renee by Catalytic Action. By J. F. 


i PT ERIE EEE Se he eal ee ye Sept. 1944 
Estime nnn ‘Teneo atures Causing “Da amage to Plain 
Low-Carbon Steel Tubes. By Richard C. Corey. Mar. 1945 


Gas Turbine in Aviation, The. By C. D. Flagle ond 
Ra: We CINE ha ca dd vin wii aweeadWouscenae wad June 1945 

Gibbs and Helmholtz Functions for empeennee Liquid 
Water, The. By James H. Potter....... fats 

Gri or agua of Steel 
FO ik dadincs a mirth wen 


Measurement of Boiler Circulation te 


Mar. 1945 


Annual 
ee . Dec. 1944 


Means of Pitot 


Piping, 


lubes. By T. Ravese..... Oct. 1944 
More About the British Grid in Ww ar. .May 1945 
Post-War Power Problems, A.S.M.E. A nnual Meeting. .Dec. 1944 


Prevention of Corrosion in Steam-Heating Systems by 
Cyclohexylamine. By A. A. Berk 


Selection of Traveling-Crane Equipment. By R. J. 
Wadd and F. M. Blum.......... .?Jan. 1945 


Two Million Volt X-Ray Unit to Rebuild Dnieprostroi 
Development in Russia...... 


Unit Power Plants for Export. 


Aug. 1944 


.Nov 
. June 


1944 
1945 


By ¢ ‘hesden A. Bucasel. 


COMBUSTION—dJune 1945 


ur 


46 
48 
49 
$9 
36 


39 


49 
49 


63 


61 
51 











The complete Davis line in- 
cludes a pressure regulator that 
will fit your requirements, what- 
ever they are. 
Davis double 
dise regulators 
flow conditions. 


seated balanced 
for continuous 


Piston type, counterweighted, 
for pressures of 150 lbs. and less. 


The diaphragm type for low 
service pressures. 


For dead end service, a single 
seated type maintains pressure 
reduction irrespective of flow. 


Davis integral auxiliary pilot 
controlled regulators for heavy 
duty, 
either 
flow. 


Davis separate auxiliary con- 
trol type has positive control of 
dise action, and gives depend- 
able, accurate regulation under 
variable conditions. 


Bulletin 100A and easy-to-use 
selection charts make pressure 
regulator selection easy. Send 
for literature today. 


dead end or continuous 


DAVIS REGULATOR CO. 


Chicago 8, 


2510 Washtenaw Ave. 


variable load service for 





Davis No. 401 
A compact 
for accurate, 
sure control. Sizes 4” to 


regulator. 
instrument type 
sensitive pres- 


DAVIS 


REGULATOR CO. 





65 

















BOOKS 








1-Laying Out for Boiler Makers 
and Plate Fabricators (5th Ed.) 


Rev. By GeorcE M. Davis 
81/2 X 11 Price $8.00 


Within the scope of firetube boilers and 
plate fabrication this book is a veritable 
encyclopedia of information for the boiler- 
maker. Since it was first published in 
1907, the subsequent editions have been 
augmented and enlarged to cover the 
rapid changes in boiler-making methods. 
The Fifth Edition has been revised by a 
boiler designer who specializes in loco- 
motive boilers and this subject is par- 
ticularly well handled in two new chapters. 

The book contains thirteen chapters 
covering The Subject of Laying Out; Tri- 
angulation; Cones and Spheres; The 
Tubular Boiler; Laying Out the Loco- 
motive Boiler; Constructing the Loco- 
motive Boiler; Laying Out and Computing 
Boiler Patches; Laying Out for Welded 
Construction; Elbows; Layout and Con- 
struction of Steel Stacks and Tanks; 
Transition Pieces and Breechings; Pipe 
and Pipe Connections; and Chutes, Con- 
veyors and Hoppers. The chapters on 
Boiler Patches and Welded Construction 
are also new. 

The information in the book is presented 
in shop language and the problems are 
worked out without recourse to higher 
mathematics. The material is arranged 
progressively from simple to complex and 
the application of principles and methods 
is made clear by practical problems in- 
cluding all calculations necessary to de- 
termine the size of different parts. 


522 pages 


2-Rules for Fusion Welding 
Piping in Marine Construction 
6x9 
First published in 1938 by the American 
Welding Society, this standard has now 
been revised to bring the original data for 
welding low-carbon steel (0.35 per cent 
max.) marine piping up to date. Among 
the topics included are: Qualification of 
Welding Procedure; Qualification of 
Welding Operators; Design; Layout and 
Dimensions of Piping; Allowable Types 


4 pages Price 25 cents 


of Joint; Preheating; Stress-Relieving; 
Radiographic Tests; and Hydrostatic 
Tests. 


COMBUSTION PUBLISHING COMPANY, Ine., 


Enclosed find check for $...... for which please send me the books listed by number. 
NAME —___—— _—___—-- Bask Nes. 
ADDRESS. i aie a sitiateatinaanad 


Postage prepaid in the United States on all orders accompanied by remittance or amounting to five dollars or over. 


3-Thermodynamic Charts— 
(Second Edition) 


By FRANK O. ELLENWOOD AND CHARLES 
O. MACKEY 


46 pages 81/4 X 11 Price $2.75 
Those who have used the charts pre- 
pared by these authors in their earlier edi- 
tion can attest to the convenience of hav- 
ing such a wide range of steam conditions 
represented graphically in charts only 8” 
X 10” in size. An index chart permits the 
user to readily locate the chart number 
covering the steam conditions with which 
he is working. The indexed steam charts 
cover the absolute pressure range from 
0.20” Hg to 5500 psi, from wet vapor of 
20 per cent moisture content to super- 
heated steam up to 1000 F. A special 
chart covers low-quality steam. 

Two charts on water, which have been 
redrawn in an improved form for the sec- 
ond edition, are of great convenience to 
those dealing frequently with heat content 
and specific volume of hot water at various 
pressures. 

Nearly one-half of the book is devoted 
to ammonia, freon-12 and psychometric 
charts; examples of use of charts; velocity 
tables for ideal nozzles; squares of num- 
bers and common logarithms. 
4-The Oxy-Acetylene Hand- 

book 


THE LINDE ArrR-PrRopuwctTs Co. 


600 pages 6 X 91/, Price $1.50 


This comprehensive and authoritative 
textbook on basic oxy-acetylene welding 
and cutting procedures has been planned 
primarily for use in schools and colleges, 
but it is equally serviceable as a shop 
manual and reference work. 

The book is in 7 Parts covering General 
Principles, Welding of Ferrous Alloys, 
Welding of Non-Ferrous Alloys, Miscel- 
laneous Applications, Cutting, Inspection 
and Management, and two appendices 
dealing with Welding and Cutting Data, 
and The Air-Acetylene Flame and Its 
Uses. The text comprises 40 chapters 
which are admirably illustrated with 390 
linecuts and halftones. The subject mat- 
ter is limited to those operations and 
principles with which the student and the 
experienced operator are concerned. 


200 Madison Avenue, New York 16, N. Y- 


5-The Marine Power Plant 


By LAWRENCE B. CHAPMAN 



































402 pages Price $4.00 


In the second edition of this excellent 
text, the student will find a short but di- 
rect and thorough introduction to the fun- 
damentals of the selection and design of 
steam and diesel propulsion plants. The 
marine engineer will find it refreshing with 
many helpful guides to design procedure 
and computation and to revealing com- 
parisons for the proper selection of equip- 
ment. Owners and operators will find it 
similarly useful, and in addition may 
utilize it to check the results and correct 
the operation of their vessels. 

Fundamentals and thermodynamic prin- 
ciples are set forth in a manner easily 
comprehended and descriptions of marine 
equipment are handled with clarity. In 
the selection of equipment, the latest prac- 
tices are brought out but sight has not 
been lost of installations of the recent 
past—of ships that will be in operation 
for some years to come. 

There are chapters on Fuels, Marine 
Boilers, Combustion, Reciprocating Steam 
Engines, Geared Turbines, Turbo-electric 
Drive, Diesel Engines, Comparisons of 
Types of Propelling Machinery, Con- 
densers and Their Auxiliaries, Power Plant 
Layouts and Computations for the Power 
Plants of Merchant Ships. 


6-Essential Mathematics for 


Skilled Workers 
By H. M. Kear anv C. J. LEONARD 
293 pages 4'/,X8 Price $2.00 


This book is particularly suited to the 
needs of men of average education who 
wish to brush up on their mathematical 
knowledge and know how to use this 
knowledge in their work. It is a practical 
book for the industrial worker and gives a 
brief, clear-cut working knowledge of 
arithmetic, algebra, geometry, logarithms, 
numerical trigonometry and the slide rule, 
with constant reference to their use in 
various technical fields and trades. 


COUPON 


a 








June 1945—C OMBUSTION 


